
LIQUID CRYSTAL DISPLAY DEVICE AND DRIVING METHOD THEREFOR 
BACKGROUND OF THE INVENTION 
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Field of the Invention 

The present invention relates to an active matrix type liquid crystal display device 
used for projectors, note book PCs, monitors and the like, and to a drive method therefor. 

10 Description of the Related Art 

With the progress of the multimedia era, there has been rapid popularization of 
liquid crystal display devices from small size devices used in projector apparatus, to 
large size devices used in notebook PCs, monitors and the like. In particular, with the 
active matrix type liquid crystal display device which is driven by thin film transistors, 

15 since this obtains a high resolution, and high picture quality compared to the simple 
matrix type liquid crystal display device, these have become the main stream of liquid 
crystal display devices. 

FIG. 59 shows an example of an equivalent circuit for one pixel section of a 
20 conventional active matrix type liquid crystal display device. As shown in FIG. 59, the 
pixel of the active matrix type liquid crystal display device comprises a MOS type 
transistor (Qn) (referred to hereunder as transistor (Qn) 5904 with a gate electrode 
connected to a scanning line 5901, one of a source electrode and a drain electrode 
connected to a signal line 5902, and the other of the source electrode and the drain 
25 electrode connected to a pixel electrode 5903, a storage capacitor 5906 formed between 
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the pixel electrode 5903 and a storage capacitor electrode 5905, and a liquid crystal 5908 
interposed between the pixel electrode 5903 and an opposing electrode Vcom 5907. 
Presently, with notebook PCs ,which constitute a large practical application market for 
liquid crystal display devices, normally for the transistor (Qn) 5904, an amorphous 
5 silicon thin film transistor (referred to hereunder as an a-SiTFT) or a polysilicon thin 
film transistor (referred to hereunder as a p-SiTFT) is used. Moreover, for liquid crystal 
material, a twisted nematic liquid crystal (referred to hereunder as a TN liquid crystal) is 
used. FIG. 60 shows an equivalent circuit for a TN liquid crystal. As shown in FIG. 60, 
the equivalent circuit for the TN liquid crystal can be represented by a circuit where a 
10 liquid crystal capacitance component Cpix, and a resistance Rr and capacitance Cr are 
connected in parallel. Here the resistance Rr and the capacitance Cr are components for 
determining the response time constant of the liquid crystal. 

The timing chart for a gate scanning voltage Vg, a data signal voltage Vd, and a 
15 voltage of the pixel electrode 5903 (referred to hereunder as the pixel voltage) Vpix, for 
the case where this TN liquid crystal is driven by the pixel circuit construction shown in 
FIG. 59, is shown in FIG 61. As shown in FIG. 61, due to the gate scanning voltage Vg 
in the horizontal scanning period becoming a high level VgH, the transistor (Qn) 5904 
comes on, and the data signal voltage Vd input to the signal line is transferred to the 
20 pixel electrode 5903 through the transistor (Qn) 5904. The TN liquid crystal normally 
operates in a mode which passes light when a voltage is not applied, that is a so called 
normally-white mode. Here for the data signal Vd, a voltage which gives a high light 
transmittance through the TN liquid crystal is applied over several fields. When the 
horizontal scanning period is completed and the gate scanning voltage Vg becomes a low 
25 level, the transistor (Qn) 5904 goes off, and the data signal transferred to the pixel 



electrode 5903 is held by the storage capacitor 5906 and the capacitance Cpix of the 
liquid crystal. At this time, with the pixel voltage Vpix, at the time when the transistor 
(Qn) 5904 goes off, a voltage shift referred to as feed-through voltage occurs through 
the capacitance between the gate and source of the transistor (Qn) 5904. In FIG. 61 this 
is shown by Vfl, Vf2 and Vf3. The amount of this voltage shift Vfl, Vf2 and Vf3 can 
be made smaller by designing the value for the storage capacitor 5906 to be large. The 
pixel voltage Vpix is held until the gate scanning voltage Vg again becomes a high level 
in the subsequent field period and the transistor (Qn) 5904 is selected. The TN liquid 
crystal switches in accordance with the held pixel voltage Vpix, and as shown by the 
light transmittance Tl, undergoes a transition from the state where the liquid crystal 
transmitted light is dark to the state where this is bright. At this time, as shown in FIG. 
61, in the holding periods, the pixel voltage Vpix fluctuates slightly in the fields by 
respective amounts A VI, AV2and AV3. This is in accordance with the liquid crystal 
response, and is attributable to the change in the capacitance of the liquid crystal. 
Normally, in order to make this fluctuation as small as possible, the storage capacitor 
5906 is designed with a value 2 to 3 three times larger than the pixel capacitance Cpix. 
As described above, the TN liquid crystal can be driven by the pixel circuit configuration 
shown in FIG. 59. 

However, as indicated by the change in the light transmittance shown in FIG. 61, 
with the response time of the TN liquid crystal normally large at from 30 to 100 msec, 
then there is the problem that in the case where an object moving at high speed is 
displayed, a residual image occurs and a distinct display is thus not possible. 
Furthermore with the TN liquid crystal, there is the problem that the viewing angle is 
narrow. Therefore recently, in order to provide high speed and a wide viewing angle, 



research and development of liquid crystal materials having polarization, and liquid 
crystal display devices using such liquid crystal materials has been actively performed. 
An equivalent circuit for a high speed liquid crystal having polarization can be 
represented as shown in FIG. 62, by a circuit where a series connected resistance Rsp 
and capacitance Csp, and a high frequency pixel capacitance Cpix which does not 
change with rotation of polarization, are connected in parallel. The construction of the 
equivalent circuit is the same as for the equivalent circuit for the TN liquid crystal 
previously shown in FIG. 60. However, the resistance Rsp and capacitance Csp which 
determine the liquid crystal response time are different from those of the TN liquid 
crystal. Therefore in order to distinguish that these are components participating in 
polarization response, they are shown as a separate figure. 

For such a liquid crystal material having polarization, there is for example, a 
ferroelectric liquid crystal, an antiferroelectric liquid crystal, a thresholdless 
antiferroelectric liquid crystal, a distorted helix ferroelectric liquid crystal, a twisted 
ferroelectric liquid crystal, and a monostable ferroelectric liquid crystal. Of these liquid 
crystal materials, in particular, with a liquid crystal display device using the thresholdless 
antiferroelectric liquid crystal, not only does this have high speed and wide viewing 
angle, but as disclosed for example in the Japanese Journal of Applied Physics, Volume 
36 p.720 referred to hereunder as reference 1, by using an active matrix type drive as 
shown in FIG. 59, then a gradation display is also possible. 

FIG. 63 shows a timing chart for the gate scanning voltage Vg, the data signal 
voltage Vd, and the pixel voltage Vpix, for the case where a thresholdless 
antiferroelectric liquid crystal is driven by the conventional pixel circuit construction 
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shown in FIG. 59. As shown in FIG. 63, due to the gate scanning voltage Vg in the 
horizontal scanning period becoming a high level VgH, the transistor (Qn) 5904 comes 
on, and the data signal voltage Vd input to the signal line is transferred to the pixel 
electrode 5903 through the transistor (Qn) 5904. The thresholdless antiferroelectric 
5 liquid crystal normally operates in a mode which does not pass light when voltage is not 
applied, that is a so called normally-black mode. When the horizontal scanning period is 
completed and the gate scanning voltage Vg becomes a low level, the transistor (Qn) 
5904 goes off, and the data signal transferred to the pixel electrode 5903 is held by the 
O storage capacitor 5906 and the high frequency pixel capacitance Cpix of the liquid 

10 crystal. At this time, with the pixel voltage Vpix, at the time when the transistor (Qn) 
5904 goes off, then as with the beforementioned case of driving the TN liquid crystal, a 
voltage shift through the capacitance between the gate and source of the transistor (Qn) 
5904, referred to as feed-through voltage, occurs. Furthermore, after completing the 
horizontal scanning period, the pixel voltage Vpix fluctuates slightly in the fields by 
15 respective amounts A VI, A V2 and A V3 as shown in FIG. 63, due to reallocation of 
the electrical load held in the high frequency capacitance Cpix and the electrical load 
held in the capacitance Csp due to polarization. With the drive method disclosed in 
reference 1, a drive method for gradation control using the pixel voltage Vpix after this 
voltage fluctuation is disclosed. At this time, in FIG. 63, the light transmittance changes 
20 as shown by Tl, and the thresholdless antiferroelectric liquid crystal can be driven by 
means of the pixel circuit configuration shown in FIG. 59. 
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As an example of a high speed liquid crystal which does not have polarization, a 
liquid crystal display device which uses an OCB mode liquid crystal is disclosed in 
IRDC 97, p. L - 66. An OCB mode liquid crystal is one which uses the bend orientation 



of the TN liquid crystal. Compared to the conventional TN liquid crystal; this can 
switch one or more columns at high speed. Furthermore, by jointly using bi-axial phase 
difference compensation films, a wide viewing angle display can be obtained. 

Recently, research and development into color liquid crystal display devices with 
a time division driving method which use a high speed crystal such as a ferroelectric 
liquid crystal, an OCB mode dielectric liquid crystal or the like, has become intense. For 
example in Japanese Unexamined Patent Publication No. 7-64051, there is disclosed a 
liquid crystal display device with a time division driving method which uses a 
ferroelectric liquid crystal. Moreover, in IRDC 97, p. 37, there is disclosed a color liquid 
crystal display device with a time division driving method which uses an OCB mode 
liquid crystal. With the liquid crystal display device with a time division driving 
method , color display is realized by successively changing the light incident on the 
liquid crystal to red, green and blue in a period of one field. Therefore, a high speed 
liquid crystal which responds in at least 1/3 of one field period or less is necessary. In 
the case where the liquid crystal display device with a time division driving method is 
applied to a direct viewing type liquid crystal display device such as a notebook PC or a 
monitor, a color filter is not required and hence a cost reduction for the liquid crystal 
display device can be achieved. Furthermore, in the case where this is applied to a 
projector apparatus, then a high aperture efficiency similar to that for a three plate type 
liquid crystal light bulb, can be realized with a liquid crystal display device with a single 
plate color display. Hence a small size, light weight, low cost and high brightness liquid 
crystal projector apparatus can be provided. 
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In the case where a TN liquid crystal, a ferroelectric liquid crystal having 
polarization, an antiferroelectric liquid crystal, or a high speed liquid TN crystal which 
responds within one field period, are driven by the above described conventional pixel 
construction and drive method, the following problems arise. 

5 

In the case where, as described above, the TN liquid crystal is driven by the pixel 
construction shown in FIG. 59, then as shown in FIG. 61, with the pixel voltage Vpix, 
the voltage fluctuations of A VI, A V2 and A V3 occur due to the change in the liquid 

O 

J1 crystal capacitance in the holding periods. The amount of these voltage fluctuations 
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yy 10 changes depending on the amount for operating the liquid crystal molecules. Therefore 

O 

U] even in the case where the same data signal is written in, since this depends on the data 

•as 

— signal written into the previous field, a problem arises in that the voltage desired to be 

]S actually written to the liquid crystal cannot be continually applied over the holding 

c" 

ry period. As a result, the light transmittance of the liquid crystal which should become the 

eO 15 curve shown by TO in FIG. 61, actually becomes the curve shown by Tl as mentioned 

before. Hence it is not possible to have an accurate gradation display. Heretofore, in 
order to reduce the voltage changes A VI, A V2 and A V3, then a method of solving this 
by designing to increase the storage capacity has been tried. In this case however, there 
is the problem that the aperture efficiency is reduced. 

20 

Furthermore, in the case where a ferroelectric liquid crystal or an antiferroelectric 
liquid crystal having polarization is driven, then, as shown in FIG. 63, with the pixel 
voltage Vpix, voltage fluctuations shown as A VI, A V2 and A V3 occur due to the 
polarization switching in the holding periods. These voltage fluctuations, as described 
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before, are due to reallocation of the electrical load held in the high frequency 
capacitance Cpix and the electrical load held in the capacitance Csp due to polarization. 
Here Csp has a large value 5 to 100 times that of Cpix. Therefore the voltage changes 
A VI, A V2 and A V3 become a large value exceeding 1 to 2 volts, so that it is 
necessary to make the amplitude of the data signal large. As.a^result, the power 
consumption of the liquid crystal display device increases. The requirement also arises 



to make the signal processing circuit, the peripheral drive circuits and the pixel 
transistors have a high voltage endurance, so that there is the problem of an increase in 
cost of the liquid crystal display device. Moreover, since the amount of the voltage 
10 fluctuation A VI, A V2 and A V3 changes depending on the data signal written in the 
previous field, then the light transmittance of the liquid crystal which should become the 
curve shown by TO in FIG. 62, actually becomes the curve shown by Tl as mentioned 
before, so that it is not possible to have an accurate gradation display for each field. 

\ 

Consequently, when applied to a liquid crystal display device with a time division 
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driving method , color display with good color reproducibility cannot be performed. 

A problem similar to that with the liquid crystal display device using the 
abovementioned liquid crystal material having polarization also occurs with a liquid 
crystal display device using an OCB mode liquid crystal. 



In Japanese Unexamined Patent Publication No. 7-64051, there is disclosed a 
20 liquid crystal display device which uses a single crystal silicon transistor, in order to 
solve these problems. However with the construction shown in FIG. 18 of Japanese 
Unexamined Patent Publication No. 7-64051, there is the problem that resetting of the 
transistor Q2 which operates as a source follower type amplifier is not done. Therefore 
if a data signal of a voltage lower than the previously written data signal is input, the 



transistor Q2 remains in the off condition, so that a voltage corresponding to this data 
signal cannot be output. Furthermore, with the construction shown in FIG. 18 of 
Japanese Unexamined Patent Publication No. 7-64051, since the transistor Q2 goes off 
after the data signal is output to the picture element electrode 10, then when after this the 
polarization current for the ferroelectric liquid crystal flows, a problem similar to the 
beforementioned problem occurs in that the voltage of the picture element electrode 
fluctuates. 



SUMMARY OF THE INVENTION 



It is an object of the present invention, with a liquid crystal display device which 
uses a TN liquid crystal, a ferroelectric liquid crystal having polarization, an 
antiferroelectric liquid crystal, or some another high speed liquid crystal which responds 
within one field period, to provide a small size, light weight, high aperture efficiency, 
high speed, high visual field, high gradation, low power consumption, and low cost 
liquid crystal display device, by eliminating the abovementioned voltage fluctuations A 
VI, AV2and AV3. 

In order to solve the abovementioned problems, with the liquid crystal display 
device of a first aspect of the present invention, in an active matrix type liquid crystal 
display device where pixel electrodes are driven by MOS type transistor circuits 
respectively disposed in the vicinity of intersection points of a plurality of scanning lines 
and a plurality of signal lines, the MOS type transistor circuits comprises: a MOS type 
transistor with a gate electrode connected to a scanning line, and one of a source 
electrode and a drain electrode connected to a signal line; a MOS type analog amplifier 
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circuit with an input electrode connected to the other of the source electrode and the 
drain electrode of the MOS type transistor, and an output electrode connected to a pixel 
electrode; and a voltage holding capacitor formed between the input electrode of the 
MOS type analog amplifier circuit and a voltage holding capacitor electrode. 

Preferably, in the liquid crystal display device, the MOS type transistor circuits 
are formed by integrating thin film transistors. 

Moreover, preferably for liquid crystal material, a nematic liquid crystal, a 
ferroelectric liquid crystal, an antiferroelectric liquid crystal, a thresholdless 
antiferroelectric liquid crystal, a distorted helix ferroelectric liquid crystal, a twisted 
ferroelectric liquid crystal, or a monostable ferroelectric liquid crystal is used. 

A first liquid crystal display device drive method of the present invention is 
characterized in that with a method of driving the liquid crystal display device according 
to the first aspect of the present invention, the method involves: in a scanning line 
selection period, storing a data signal in a voltage holding capacitor through the MOS 
type transistor; and in a scanning line selection period and a scanning line non selection 
period, writing a signal corresponding to the stored data signal to a pixel electrode 
through the MOS type analog amplifier circuit. 

With a liquid crystal display device of a second aspect of the present invention, in 
an active matrix type liquid crystal display device where pixel electrodes are driven by 
MOS type transistor circuits respectively disposed in the vicinity of intersection points of 
a plurality of scanning lines and a plurality of signal lines, the MOS type transistor 
circuits comprise: an n-type MOS transistor with a gate electrode connected to a 
scanning line, and one of a source electrode and a drain electrode connected to a signal 
line; a p-type MOS transistor with a gate electrode connected to the other of the source 
electrode and the drain electrode of the n-type MOS transistor, and one of a source 
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electrode and a drain electrode connected to the scanning line, and the oth^er of the 
source electrode and the drain electrode connected to a pixel electrode; a voltage holding 
capacitor formed between the gate electrode of the p-type MOS transistor and a voltage 
holding capacitor electrode; and a resistor connected between the pixel electrode and the 
voltage holding capacitor electrode. 

With a liquid crystal display device of a third aspect of the present invention, in 
an active matrix type liquid crystal display device where pixel electrodes are driven by 
MOS type transistor circuits respectively disposed in the vicinity of intersection points of 
a plurality of scanning lines and a plurality of signal lines, the MOS type transistor 
circuits comprise: an n-type MOS transistor with a gate electrode connected to a 
scanning line, and one of a source electrode and a drain electrode connected to a signal 
line; a first p-type MOS transistor with a gate electrode connected to the other of the 
source electrode and the drain electrode of the n-type MOS transistor, and one of a 
source electrode and a drain electrode connected to the scanning line, and the other of 
the source electrode and the drain electrode connected to a pixel electrode; a voltage 
holding capacitor formed between the gate electrode of the first p-type MOS transistor 
and a voltage holding capacitor electrode; and a second p-type MOS transistor with a 
gate electrode connected to a voltage adjustable power supply line, a source electrode 
connected to the voltage holding capacitor electrode, and a drain electrode connected to 
the pixel electrode. 

With a liquid crystal display device of a fourth aspect of the present invention, in 
an active matrix type liquid crystal display device where pixel electrodes are driven by 
MOS type transistor circuits respectively disposed in the vicinity of intersection points of 
a plurality of scanning lines and a plurality of signal lines, the MOS type transistor 
circuits comprise: an n-type MOS transistor with a gate electrode connected to a 
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scanning line, and one of a source electrode and a drain electrode connected to a signal 
line; a first p-type MOS transistor with a gate electrode connected to the other of the 
source electrode and the drain electrode of the n-type MOS transistor, and one of a 
source electrode and a drain electrode connected to the scanning line, and the other of 
the source electrode and the drain electrode connected to a pixel electrode; a voltage 
holding capacitor formed between the gate electrode of the first p-type MOS transistor 
and a voltage holding capacitor electrode; and a second p-type MOS transistor with a 
gate electrode connected to the voltage holding capacitor electrode, a source electrode 
connected to a voltage adjustable power supply line, and a drain electrode connected to 
the pixel electrode. 

With a liquid crystal display device of a fifth aspect of the present invention, in 
an active matrix type liquid crystal display device where pixel electrodes are driven by 
MOS type transistor circuits respectively disposed in the vicinity of intersection points of 
a plurality of scanning lines and a plurality of signal lines, the MOS type transistor 
circuits comprise: an n-type MOS transistor with a gate electrode connected to a 
scanning line, and one of a source electrode and a drain electrode connected to a signal 
line; a first p-type MOS transistor with a gate electrode connected to the other of the 
source electrode and the drain electrode of the n-type MOS transistor, and one of a 
source electrode and a drain electrode connected to the scanning line, and the other of 
the source electrode and the drain electrode connected to a pixel electrode; a voltage 
holding capacitor formed between the gate electrode of the first p-type MOS transistor 
and a voltage holding capacitor electrode; and a second p-type MOS transistor with a 
gate electrode and a source electrode connected to the voltage holding capacitor 
electrode and a drain electrode connected to the pixel electrode. 
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With the liquid crystal display device of the second aspect of the present 
invention, preferably the value of the resistance is set to less than or equal to the value of 
a resistance component which determines a response time constant of the liquid crystal. 
Moreover, preferably the resistance is formed from a semiconductor thin film, or a 
semiconductor thin film which has been doped with impurities. 

With the third through fifth aspects of the present invention, preferably the value 
of a source-drain resistance of the second p-type MOS transistor is set to less than or 
equal to the value of a resistance component which determines a response time constant 
of the liquid crystal. Furthermore, preferably the MOS type transistor circuits are formed 
by integrating thin film transistors. Moreover, it is also preferable if liquid crystal 
material is a nematic liquid crystal, a ferroelectric liquid crystal, an antiferroelectric 
liquid crystal, a thresholdless antiferroelectric liquid crystal, a distorted helix 
ferroelectric liquid crystal, a twisted ferroelectric liquid crystal, or a monostable 
ferroelectric liquid crystal. 

A second liquid crystal display device drive method of the present invention is 
characterized in that, with a method of driving the liquid crystal display device according 
to the second through fifth aspects of the present invention, the method involves: 
supplying a voltage higher than a maximum voltage of the data signal to the voltage 
holding capacitor electrode; and in a scanning line selection period, storing a data signal 
in the voltage holding capacitor through the n-type MOS transistor by means of a 
scanning pulse signal, and resetting the p-type MOS transistor or the first p-type MOS 
transistor by transferring the scanning pulse signal to the pixel electrode through the p- 
type MOS transistor or the first p-type MOS transistor; and after completion of the 
scanning line selection period, writing a signal corresponding to the stored data signal to 
a pixel electrode through the p-type MOS transistor or the first p-type MOS transistor. 
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With a liquid crystal display device of a sixth aspect of the present invention, in 
an active matrix type liquid crystal display device where pixel electrodes are driven by 
MOS type transistor circuits respectively disposed in the vicinity of intersection points of 
a plurality of scanning lines and a plurality of signal lines, the MOS type transistor 
circuits comprise: a p-type MOS transistor with a gate electrode connected to a scanning 
line, and one of a source electrode and a drain electrode connected to a signal line; an n- 
type MOS transistor with a gate electrode connected to the other of the source electrode 
and the drain electrode of the p-type MOS transistor, and one of a source electrode and a 
drain electrode connected to the scanning line, and the other of the source electrode and 
the drain electrode connected to a pixel electrode; a voltage holding capacitor formed 
between the gate electrode of the n-type MOS transistor and a voltage holding capacitor 
electrode; and a resistor connected between the pixel electrode and the voltage holding 
capacitor electrode. 

With a liquid crystal display device of a seventh aspect of the present invention, 
in an active matrix type liquid crystal display device where pixel electrodes are driven by 
MOS type transistor circuits respectively disposed in the vicinity of intersection points of 
a plurality of scanning lines and a plurality of signal lines, the MOS type transistor 
circuits comprise: a p-type MOS transistor with a gate electrode connected to a scanning 
line, and one of a source electrode and a drain electrode connected to a signal line; a first 
n-type MOS transistor with a gate electrode connected to the other of the source 
electrode and the drain electrode of the p-type MOS transistor, and one of a source 
electrode and a drain electrode connected to the scanning line, and the other of the 
source electrode and the drain electrode connected to a pixel electrode; a voltage holding 
capacitor formed between the gate electrode of the first n-type MOS transistor and a 
voltage holding capacitor electrode; and a second n-type MOS transistor with a gate 
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electrode connected to a voltage adjustable bias power supply line, a source electrode 
connected to the voltage holding capacitor electrode, and a drain electrode connected to 
the pixel electrode. 

With a liquid crystal display device of an eighth aspect of the present invention, 
in an active matrix type liquid crystal display device where pixel electrodes are driven by 
MOS type transistor circuits respectively disposed in the vicinity of intersection points of 
a plurality of scanning lines and a plurality of signal lines, the MOS type transistor 
circuits comprise: a p-type MOS transistor with a gate electrode connected to a scanning 
line, and one of a source electrode and a drain electrode connected to a signal line; a first 
n-type MOS transistor with a gate electrode connected to the other of the source 
electrode and the drain electrode of the p-type MOS transistor, and one of a source 
electrode and a drain electrode connected to the scanning line, and the other of the 
source electrode and the drain electrode connected to a pixel electrode; a voltage holding 
capacitor formed between the gate electrode of the first n-type MOS transistor and a 
voltage holding capacitor electrode; and a second n-type MOS transistor with a gate 
electrode connected to the voltage holding capacitor electrode, a source electrode 
connected to a voltage adjustable power supply line, and a drain electrode connected to 
the pixel electrode. 

With a liquid crystal display device of a ninth aspect of the present invention, in 
an active matrix type liquid crystal display device where pixel electrodes are driven by 
MOS type transistor circuits respectively disposed in the vicinity of intersection points of 
a plurality of scanning lines and a plurality of signal lines, the MOS type transistor 
circuits comprise: a p-type MOS transistor with a gate electrode connected to a scanning 
line, and one of a source electrode and a drain electrode connected to a signal line; a first 
n-type MOS transistor with a gate electrode connected to the other of the source 
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electrode and the drain electrode of the p-type MOS transistor, and one of a source 
electrode and a drain electrode connected to the scanning line, and the other of the 
source electrode and the drain electrode connected to a pixel electrode; a voltage holding 
capacitor formed between the gate electrode of the first n-type MOS transistor and a 
voltage holding capacitor electrode; and a second n-type MOS transistor with a gate 
electrode and a source electrode connected to the voltage holding capacitor electrode, 
and a drain electrode connected to the pixel electrode. 

With the liquid crystal display device of the sixth aspect of the present invention, 
preferably the value of the resistance is set to less than or equal to the value of a 
resistance component which determines a response time constant of the liquid crystal. 
Moreover, it is also preferable if the resistance is preferably formed from a 
semiconductor thin film, or a semiconductor thin film which has been doped with 
impurities. 

With the seventh through ninth aspects of the present invention, preferably the 
value of a source-drain resistance of the second n-type MOS transistor is set to less than 
or equal to the value of a resistance component which determines a response time 
constant of the liquid crystal. 

With the sixth through ninth aspects of the present invention, preferably the MOS 
type transistor circuits are formed by integrating thin film transistors. Moreover, it is also 
preferable if liquid crystal material is a nematic liquid crystal, a ferroelectric liquid 
crystal, an antiferroelectric liquid crystal, a thresholdless antiferroelectric liquid crystal, 
a distorted helix ferroelectric liquid crystal, a twisted ferroelectric liquid crystal, or a 
monostable ferroelectric liquid crystal. 

Furthermore, a third liquid crystal display device drive method of the present 
invention is characterized in that, with a method of driving the liquid crystal display 
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device according to the sixth through ninth aspects of the present invention, the method 
involves: supplying a voltage lower than a minimum voltage of the data signal to the 
voltage holding capacitor electrode; and in a scanning line selection period, storing a 
data signal in the voltage holding capacitor through the p-type MOS transistor by means 
of a scanning pulse signal, and resetting the n-type MOS transistor or the first n-type 
MOS transistor by transferring the scanning pulse signal to the pixel electrode through 
the n-type MOS transistor or the first n-type MOS transistor; and after completion of the 
scanning line selection period, writing a signal corresponding to the stored data signal to 
a pixel electrode through the n-type MOS transistor or the first n-type MOS transistor. 

With a liquid crystal display device of a tenth aspect of the present invention, in 
an active matrix type liquid crystal display device where pixel electrodes are driven by 
MOS type transistor circuits respectively disposed in the vicinity of intersection points of 
a plurality of scanning lines and a plurality of signal lines, the MOS type transistor 
circuits comprise: an n-type MOS transistor with a gate electrode connected to an Nth 
(where N is an integer of two or more) scanning line, and one of a source electrode and a 
drain electrode connected to a signal line; a p-type MOS transistor with a gate electrode 
connected to the other of the source electrode and the drain electrode of the n-type MOS 
transistor, and one of a source electrode and a drain electrode connected to an (N-l)th 
scanning line, and the other of the source electrode and the drain electrode connected to 
a pixel electrode; a voltage holding capacitor formed between the gate electrode of the p- 
type MOS transistor and a voltage holding capacitor electrode; and a resistor connected 
between the pixel electrode and the voltage holding capacitor electrode. 

With a liquid crystal display device of an eleventh aspect of the present invention, 
in an active matrix type liquid crystal display device where pixel electrodes are driven by 
MOS type transistor circuits respectively disposed in the vicinity of intersection points of 
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a plurality of scanning lines and a plurality of signal lines, the MOS type transistor 
circuits comprise: an n-type MOS transistor with a gate electrode connected to an Nth 
scanning line, and one of a source electrode and a drain electrode connected to a signal 
line; a first p-type MOS transistor with a gate electrode connected to the other of the 
source electrode and the drain electrode of the n-type MOS transistor, and one of a 
source electrode and a drain electrode connected to an (N-l)th scanning line, and the 
other of the source electrode and the drain electrode connected to a pixel electrode; a 
voltage holding capacitor formed between the gate electrode of the first p-type MOS 
transistor and a voltage holding capacitor electrode; and a second p-type MOS transistor 
with a gate electrode connected to a voltage adjustable bias power supply line, a source 
electrode connected to the voltage holding capacitor electrode, and a drain electrode 
connected to the pixel electrode. 

With a liquid crystal display device of an twelfth aspect of the present invention, 
in an active matrix type liquid crystal display device where pixel electrodes are driven by 
MOS type transistor circuits respectively disposed in the vicinity of intersection points of 
a plurality of scanning lines and a plurality of signal lines, the MOS type transistor 
circuits comprise: an n-type MOS transistor with a gate electrode connected to an Nth 
scanning line, and one of a source electrode and a drain electrode connected to a signal 
line; a first p-type MOS transistor with a gate electrode connected to the other of the 
source electrode and the drain electrode of the n-type MOS transistor, and one of a 
source electrode and a drain electrode connected to an (N-l)th scanning line, and the 
other of the source electrode and the drain electrode connected to a pixel electrode; a 
voltage holding capacitor formed between the gate electrode of the first p-type MOS 
transistor and a voltage holding capacitor electrode; and a second p-type MOS transistor 
with a gate electrode connected to the voltage holding capacitor electrode, a source 
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electrode connected to a voltage adjustable power supply line, and a drain electrode 
connected to the pixel electrode. 

With a liquid crystal display device of a thirteenth aspect of the present invention, 
in an active matrix type liquid crystal display device where pixel electrodes are driven by 
MOS type transistor circuits respectively disposed in the vicinity of intersection points of 
a plurality of scanning lines and a plurality of signal lines, the MOS type transistor 
circuits comprise: an n-type MOS transistor with a gate electrode connected to an Nth 
scanning line, and one of a source electrode and a drain electrode connected to a signal 
line; a first p-type MOS transistor with a gate electrode connected to the other of the 
source electrode and the drain electrode of the n-type MOS transistor, and one of a 
source electrode and a drain electrode connected to an (N-l)th scanning line, and the 
other of the source electrode and the drain electrode connected to a pixel electrode; a 
voltage holding capacitor formed between the gate electrode of the first p-type MOS 
transistor and a voltage holding capacitor electrode; and a second p-type MOS transistor 
with a gate electrode and a source electrode connected to the voltage holding capacitor 
electrode, and a drain electrode connected to the pixel electrode. 

With the liquid crystal display device of the tenth aspect of the present invention, 
preferably the value of the resistance is set to less than or equal to the value of a 
resistance component which determines a response time constant of the liquid crystal. 
Moreover, it is also preferable if the resistance is formed from a semiconductor thin film, 
or a semiconductor thin film which has been doped with impurities. 

With the eleventh through thirteenth aspects of the present invention, preferably 
the value of a source-drain resistance of the second p-type MOS transistor is set to less 
than or equal to the value of a resistance component which determines a response time 
constant of the liquid crystal. 
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With the tenth through thirteenth aspects of the present invention, preferably the 
MOS type transistor circuits are formed by integrating thin film transistors. Moreover, it 
is also preferable if liquid crystal material is a nematic liquid crystal, a ferroelectric 
liquid crystal, an antiferroelectric liquid crystal, a thresholdless antiferroelectric liquid 
crystal, a distorted helix ferroelectric liquid crystal, a twisted ferroelectric liquid crystal, 
or a monostable ferroelectric liquid crystal. 

A fourth liquid crystal display device drive method of the present invention is 
characterized in that, with the method of driving the liquid crystal display device 
according to the tenth through thirteenth aspects of the present invention, the method 
involves: supplying a voltage higher than a maximum voltage of the data signal to the 
voltage holding capacitor electrode; and in a previous line scanning line selection period, 
resetting the p-type MOS transistor or the first p-type MOS transistor by transferring the 
scanning pulse signal of the previous line to the pixel electrode through the p-type MOS 
transistor or the first p-type MOS transistor; and in a scanning line selection period, 
storing a data signal in the voltage holding capacitor through the n-type MOS transistor 
by means of a scanning pulse signal, and writing a signal corresponding to the stored 
data signal to a pixel electrode through the p-type MOS transistor or the first p-type 
MOS transistor, and also continuing on after completion of the scanning line selection 
period, writing a signal corresponding to the stored data signal to a pixel electrode 
through the p-type MOS transistor or the first p-type MOS transistor. 

With a liquid crystal display device of a fourteenth aspect of the present 
invention, in an active matrix type liquid crystal display device where pixel electrodes 
are driven by MOS type transistor circuits respectively disposed in the vicinity of 
intersection points of a plurality of scanning lines and a plurality of signal lines, the 
MOS type transistor circuits comprise: a p-type MOS transistor with a gate electrode 
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connected to an Nth (where N is an integer of two or more) scanning line; and one of a 
source electrode and a drain electrode connected to a signal line; an n-type MOS 
transistor with a gate electrode connected to the other of the source electrode and the 
drain electrode of the p-type MOS transistor, and one of a source electrode and a drain 
electrode connected to an (N-l)th scanning line, and the other of the source electrode and 
the drain electrode connected to a pixel electrode; a voltage holding capacitor formed 
between the gate electrode of the n-type MOS transistor and a voltage holding capacitor 
electrode; and a resistor connected between the pixel electrode and the voltage holding 
capacitor electrode. 

With a liquid crystal display device of a fifteenth aspect of the present invention, 
in an active matrix type liquid crystal display device where pixel electrodes are driven by 
MOS type transistor circuits respectively disposed in the vicinity of intersection points of 
a plurality of scanning lines and a plurality of signal lines, the MOS type transistor 
circuits comprise: a p-type MOS transistor with a gate electrode connected to an Nth 
(where N is an integer of two or more) scanning line, and one of a source electrode and a 
drain electrode connected to a signal line; a first n-type MOS transistor with a gate 
electrode connected to the other of the source electrode and the drain electrode of the p- 
type MOS transistor, and one of a source electrode and a drain electrode connected to an 
(N-l)th scanning line, and the other of the source electrode and the drain electrode 
connected to a pixel electrode; a voltage holding capacitor formed between the gate 
electrode of the first n-type MOS transistor and a voltage holding capacitor electrode; 
and a second n-type MOS transistor with a gate electrode connected to a voltage 
adjustable bias power supply line, a source electrode connected to the voltage holding 
capacitor electrode, and a drain electrode connected to the pixel electrode. 
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With a liquid crystal display device of a sixteenth aspect of the present invention, 
in an active matrix type liquid crystal display device where pixel electrodes are driven by 
MOS type transistor circuits respectively disposed in the vicinity of intersection points of 
a plurality of scanning lines and a plurality of signal lines, the MOS type transistor 
circuits comprise: a p-type MOS transistor with a gate electrode connected to an Nth 
(where N is an integer of two or more) scanning line, and one of a source electrode and a 
drain electrode connected to a signal line; a first n-type MOS transistor with a gate 
electrode connected to the other of the source electrode and the drain electrode of the p~ 
type MOS transistor, and one of a source electrode and a drain electrode connected to an 
(N-l)th scanning line, and the other of the source electrode and the drain electrode 
connected to a pixel electrode; a voltage holding capacitor formed between the gate 
electrode of the first n-type MOS transistor and a voltage holding capacitor electrode; 
and a second n-type MOS transistor with a gate electrode connected to the voltage 
holding capacitor electrode, a source electrode connected to a voltage adjustable power 
supply line, and a drain electrode connected to the pixel electrode. 

With a liquid crystal display device of a seventeenth aspect of the present 
invention, in an active matrix type liquid crystal display device where pixel electrodes 
are driven by MOS type transistor circuits respectively disposed in the vicinity of 
intersection points of a plurality of scanning lines and a plurality of signal lines, the 
MOS type transistor circuits comprise: a p-type MOS transistor with a gate electrode 
connected to an Nth (where N is an integer of two or more) scanning line, and one of a 
source electrode and a drain electrode connected to a signal line; a first n-type MOS 
transistor with a gate electrode connected to the other of the source electrode and the 
drain electrode of the p-type MOS transistor, and one of a source electrode and a drain 
electrode connected to an (N-l)th scanning line, and the other of the source electrode and 
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the drain electrode connected to a pixel electrode; a voltage holding capacitor formed 
between the gate electrode of the first n-type MOS transistor and a voltage holding 
capacitor electrode; and a second n-type MOS transistor with a gate electrode and a 
source electrode connected to the voltage holding capacitor electrode, and a drain 
electrode connected to the pixel electrode. 

With the liquid crystal display device of the fourteenth aspect of the present 
invention, preferably the value of the resistance is set to less than or equal to the value of 
a resistance component which determines a response time constant of the liquid crystal. 
Moreover, it is also preferable if the resistance is formed from a semiconductor thin film, 
or a semiconductor thin film which has been doped with impurities. 

With the fifteenth through seventh aspects of the present invention, preferably the 
value of a source-drain resistance of the second n-type MOS transistor is set to less than 
or equal to the value of a resistance component which determines a response time 
constant of the liquid crystal. 

With the fourteenth through seventeenth aspects of the present invention, 
preferably the MOS type transistor circuits are formed by integrating thin film transistors. 
Moreover, it is also preferable if liquid crystal material is a nematic liquid crystal, a 
ferroelectric liquid crystal, an antiferroelectric liquid crystal, a thresholdless 
antiferroeiectric liquid crystal, a distorted helix ferroelectric liquid crystal, a twisted 
ferroelectric liquid crystal, or a monostable ferroelectric liquid crystal. 

A fifth liquid crystal display device drive method of the present invention is 
characterized in that, with a method of driving the liquid crystal display device according 
to the fourteenth through seventeenth aspects of the present invention, the method 
involves: supplying a voltage lower than a minimum voltage of the data signal to the 
voltage holding capacitor electrode; and in a previous line scanning line selection period, 
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resetting the n-type MOS transistor or the first n-type MOS transistor by transferring the 
scanning pulse signal of the previous line to the pixel electrode through the n-type MOS 
transistor or the first n-type MOS transistor; and in a scanning line selection period, 
storing a data signal in the voltage holding capacitor through the p-type MOS transistor 
by means of a scanning pulse signal, and writing a signal corresponding to the stored 
data signal to a pixel electrode through the n-type MOS transistor or the first n-type 
MOS transistor, and also continuing on after completion of the scanning line selection 
period, writing a signal corresponding to the stored data signal to a pixel electrode 
through the n-type MOS transistor or the first n-type MOS transistor. 

With a liquid crystal display device of an eighteenth aspect of the present 
invention, in an active matrix type liquid crystal display device where pixel electrodes 
are driven by MOS type transistor circuits respectively disposed in the vicinity of 
intersection points of a plurality of scanning lines and a plurality of signal lines, the 
MOS type transistor circuits comprise: an n-type MOS transistor with a gate electrode 
connected to a scanning line, and one of a source electrode and a drain electrode 
connected to a signal line; a p-type MOS transistor with a gate electrode connected to the 
other of the source electrode and the drain electrode of the n-type MOS transistor, and 
one of a source electrode and a drain electrode connected to a reset electrode, and the 
other of the source electrode and the drain electrode connected to a pixel electrode; a 
voltage holding capacitor formed between the gate electrode of the p-type MOS 
transistor and a voltage holding capacitor electrode; and a resistor connected between the 
pixel electrode and the voltage holding capacitor electrode. 

With a liquid crystal display device of a nineteenth aspect of the present 
invention, in an active matrix type liquid crystal display device where pixel electrodes 
are driven by MOS type transistor circuits respectively disposed in the vicinity of 
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intersection points of a plurality of scanning lines and a plurality of signal' lines, the 
MOS type transistor circuits comprise: an n-type MOS transistor with a gate electrode 
connected to a scanning line, and one of a source electrode and a drain electrode 
connected to a signal line; a first p-type MOS transistor with a gate electrode connected 
5 to the other of the source electrode and the drain electrode of the n-type MOS transistor, 
and one of a source electrode and a drain electrode connected to a reset electrode, and 
the other of the source electrode and the drain electrode connected to a pixel electrode; a 
voltage holding capacitor formed between the gate electrode of the first p-type MOS 
p transistor and a voltage holding capacitor electrode; and a second p-type MOS transistor 

fy 10 with a gate electrode connected to a voltage adjustable bias power supply line, a source 
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W electrode connected to the voltage holding capacitor electrode, and a drain electrode 
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2 connected to the pixel electrode. 

q With a liquid crystal display device of a twentieth aspect of the present invention, 

C± in an active matrix type liquid crystal display device where pixel electrodes are driven by 

Ly 

•43 15 MOS type transistor circuits respectively disposed in the vicinity of intersection points of 
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a plurality of scanning lines and a plurality of signal lines, the MOS type transistor 
circuits comprise: an n-type MOS transistor with a gate electrode connected to a 
scanning line, and one of a source electrode and a drain electrode connected to a signal 
line; a first p-type MOS transistor with a gate electrode connected to the other of the 

20 source electrode and the drain electrode of the n-type MOS transistor, and one of a 

source electrode and a drain electrode connected to a reset electrode, and the other of the 
source electrode and the drain electrode connected to a pixel electrode; a voltage holding 
capacitor formed between the gate electrode of the first p-type MOS transistor and a 
voltage holding capacitor electrode; and a second p-type MOS transistor with a gate 

25 electrode connected to the voltage holding capacitor electrode, a source electrode 
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connected to a voltage adjustable power supply line, and a drain electrode connected to 
the pixel electrode. 

With a liquid crystal display device of a twenty first aspect of the present 
invention, in an active matrix type liquid crystal display device where pixel electrodes 
are driven by MOS type transistor circuits respectively disposed in the vicinity of 
intersection points of a plurality of scanning lines and a plurality of signal lines, the 
MOS type transistor circuits comprise: an n-type MOS transistor with a gate electrode 
connected to a scanning line, and one of a source electrode and a drain electrode 
connected to a signal line; a first p-type MOS transistor with a gate electrode connected 
to the other of the source electrode and the drain electrode of the n-type MOS transistor, 
and one of a source electrode and a drain electrode connected to a reset electrode, and 
the other of the source electrode and the drain electrode connected to a pixel electrode; a 
voltage holding capacitor formed between the gate electrode of the first p-type MOS 
transistor and a voltage holding capacitor electrode; and a second p-type MOS transistor 
with a gate electrode and a source electrode connected to the voltage holding capacitor 
electrode, and a drain electrode connected to the pixel electrode. 

With the liquid crystal display device of the eighteenth aspect of the present 
invention, preferably the value of the resistance is set to less than or equal to the value of 
a resistance component which determines a response time constant of the liquid crystal. 
Moreover, it is preferable if the resistance is formed from a semiconductor thin film, or a 
semiconductor thin film which has been doped with impurities. 

With the liquid crystal display device of the nineteenth through twenty first 
aspects of the present invention, preferably the value of a source-drain resistance of the 
second p-type MOS transistor is set to less than or equal to the value of a resistance 
component which determines a response time constant of the liquid crystal. 
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voltage holding capacitor electrode; and in a scanning line selection period, storing a 
data signal in the voltage holding capacitor through the n-type MOS transistor by means 
of a scanning pulse signal, and resetting the p-type MOS transistor or the first p-type 
MOS transistor by transferring a reset signal to the pixel electrode through the p-type 
MOS transistor or the first p-type MOS transistor; and after completion of the scanning 
line selection period, writing a signal corresponding to the stored data signal to a pixel 
electrode through the p-type MOS transistor or the first p-type MOS transistor. 

With a liquid crystal display device of a twenty second aspect of the present 
invention, in an active matrix type liquid crystal display device where pixel electrodes 
are driven by MOS type transistor circuits respectively disposed in the vicinity of 
intersection points of a plurality of scanning lines and a plurality of signal lines, the 
MOS type transistor circuits comprise: a p-type MOS transistor with a gate electrode 
connected to a scanning line, and one of a source electrode and a drain electrode 
connected to a signal line; an n-type MOS transistor with a gate electrode connected to 
the other of the source electrode and the drain electrode of the p-type MOS transistor, 
and one of a source electrode and a drain electrode connected to a reset electrode, and 
the other of the source electrode and the drain electrode connected to a pixel electrode; a 
voltage holding capacitor formed between the gate electrode of the n-type MOS 
transistor and a voltage holding capacitor electrode; and a resistor connected between the 
pixel electrode and the voltage holding capacitor electrode. 

With a liquid crystal display device of a twenty third aspect of the present 
invention, in an active matrix type liquid crystal display device where pixel electrodes 
are driven by MOS type transistor circuits respectively disposed in the vicinity of 
intersection points of a plurality of scanning lines and a plurality of signal lines, the 
MOS type transistor circuits comprise: a p-type MOS transistor with a gate electrode 
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connected to a scanning line, and one of a source electrode and a drain electrode 
connected to a signal line; a first n-type MOS transistor with a gate electrode connected 
to the other of the source electrode and the drain electrode of the p-type MOS transistor, 
and one of a source electrode and a drain electrode connected to a reset electrode, and 
5 the other of the source electrode and the drain electrode connected to a pixel electrode; a 
voltage holding capacitor formed between the gate electrode of the first n-type MOS 
transistor and a voltage holding capacitor electrode; and a second n-type MOS transistor 
with a gate electrode connected to a voltage adjustable bias power supply line, a source 
p electrode connected to the voltage holding capacitor electrode, and a drain electrode 

rU 10 connected to the pixel electrode. 
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jpf With a liquid crystal display device of a twenty fourth aspect of the present 
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invention, in an active matrix type liquid crystal display device where pixel electrodes 
q are driven by MOS type transistor circuits respectively disposed in the vicinity of 

intersection points of a plurality of scanning lines and a plurality of signal lines, the 
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go 15 MOS type transistor circuits comprise: a p-type MOS transistor with a gate electrode 

connected to a scanning line, and one of a source electrode and a drain electrode 
connected to a signal line; a first n-type MOS transistor with a gate electrode connected 
to the other of the source electrode and the drain electrode of the p-type MOS transistor, 
and one of a source electrode and a drain electrode connected to a reset electrode, and 

20 the other of the source electrode and the drain electrode connected to a pixel electrode; a 
voltage holding capacitor formed between the gate electrode of the first n-type MOS 
transistor and a voltage holding capacitor electrode; and a second n-type MOS transistor 
with a gate electrode connected to the voltage holding capacitor electrode, a source 
electrode connected to a voltage adjustable power supply line, and a drain electrode 

25 connected to the pixel electrode. 
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With a liquid crystal display device of a twenty fifth aspect of the present 
invention, in an active matrix type liquid crystal display device where pixel electrodes 
are driven by MOS type transistor circuits respectively disposed in the vicinity of 
intersection points of a plurality of scanning lines and a plurality of signal lines, the 
MOS type transistor circuits comprise: a p-type MOS transistor with a gate electrode 
connected to a scanning line, and one of a source electrode and a drain electrode 
connected to a signal line; a first n-type MOS transistor with a gate electrode connected 
to the other of the source electrode and the drain electrode of the p-type MOS transistor, 
and one of a source electrode and a drain electrode connected to a reset electrode, and 
the other of the source electrode and the drain electrode connected to a pixel electrode; a 
voltage holding capacitor formed between the gate electrode of the first n-type MOS 
transistor and a voltage holding capacitor electrode; and a second n-type MOS transistor 
with a gate electrode and a source electrode connected to the voltage holding capacitor 
electrode, and a drain electrode connected to the pixel electrode. 

With the liquid crystal display device of the twenty second aspect of the present 
invention, preferably the value of the resistance is set to less than or equal to the value of 
a resistance component which determines a response time constant of the liquid crystal. 
Moreover, it is preferable if the resistance is formed from a semiconductor thin film, or a 
semiconductor thin film which has been doped with impurities. 

With the liquid crystal display device of the twenty third through twenty fifth 
aspects of the present invention, preferably the value of a source-drain resistance of the 
second n-type MOS transistor is set to less than or equal to the value of a resistance 
component which determines a response time constant of the liquid crystal. 

With the liquid crystal display device of the twenty second through twenty fifth 
aspects of the present invention, preferably the MOS type transistor circuits are formed 
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by integrating thin film transistors. Moreover, it is also preferable if liquid crystal 
material is a nematic liquid crystal, a ferroelectric liquid crystal, an antiferroelectric 
liquid crystal, a thresholdless antiferroelectric liquid crystal, a distorted helix 
ferroelectric liquid crystal, a twisted ferroelectric liquid crystal, or a monostable 
ferroelectric liquid crystal. 

An eighth liquid crystal display device drive method of the present invention is 
characterized in that, with a method of driving the liquid crystal display device according 
to the twenty second through twenty fifth aspects of the present invention, the method 
involves: supplying a voltage lower than a minimum voltage of the data signal to the 
voltage holding capacitor electrode; and at a time prior to a scanning line selection 
period, resetting the n-type MOS transistor or the first n-type MOS transistor by 
transferring a reset signal to the pixel electrode through the n-type MOS transistor or the 
first n-type MOS transistor; and in a scanning line selection period, storing a data signal 
in the voltage holding capacitor through the n-type MOS transistor by means of a 
scanning pulse signal, and writing a signal corresponding to the stored data signal to a 
pixel electrode through the n-type MOS transistor or the first n-type MOS transistor, and 
also continuing on after completion of the scanning line selection period, writing a signal 
corresponding to the stored data signal to a pixel electrode through the n-type MOS 
transistor or the first n-type MOS transistor. 

A ninth liquid crystal display device drive method of the present invention is 
characterized in that, with a method of driving the liquid crystal display device according 
to the twenty second through twenty fifth aspects of the present invention, the method 
involves: supplying a voltage lower than a minimum voltage of the data signal to the 
voltage holding capacitor electrode; and in a scanning line selection period, storing a 
data signal in the voltage holding capacitor through the p-type MOS transistor by means 
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of a scanning pulse signal, and resetting the n-type MOS transistor or the first n-type 
MOS transistor by transferring a reset signal to the pixel electrode through the n-type 
MOS transistor or the first n-type MOS transistor; and after completion of the scanning 
line selection period, writing a signal corresponding to the stored data signal to a pixel 
electrode through the n-type MOS transistor or the first n-type MOS transistor. 

With a liquid crystal display device of a twenty sixth aspect of the present 
invention, in an active matrix type liquid crystal display device where pixel electrodes 
are driven by MOS type transistor circuits respectively disposed in the vicinity of 
intersection points of a plurality of scanning lines and a plurality of signal lines, the 
MOS type transistor circuits comprise: a first n-type MOS transistor with a gate 
electrode connected to a scanning line, and one of a source electrode and a drain 
electrode connected to a signal line; a second n-type MOS transistor with a gate 
electrode connected to the other of the source electrode and the drain electrode of the 
first n-type MOS transistor, and one of a source electrode and a drain electrode 
connected to a reset electrode, and the other of the source electrode and the drain 
electrode connected to a pixel electrode; a voltage holding capacitor formed between the 
gate electrode of the second n-type MOS transistor and a voltage holding capacitor 
electrode; and a resistor connected between the pixel electrode and the voltage holding 
capacitor electrode. 

With a liquid crystal display device of a twenty seventh aspect of the present 
invention, in an active matrix type liquid crystal display device where pixel electrodes 
are driven by MOS type transistor circuits respectively disposed in the vicinity of 
intersection points of a plurality of scanning lines and a plurality of signal lines, the 
MOS type transistor circuits comprise: a first n-type MOS transistor with a gate 
electrode connected to a scanning line, and one of a source electrode and a drain 
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electrode connected to a signal line; a second n-type MOS transistor with a gate 
electrode connected to the other of the source electrode and the drain electrode of the 
first n-type MOS transistor, and one of a source electrode and a drain electrode 
connected to a reset electrode, and the other of the source electrode and the drain 
electrode connected to a pixel electrode; a voltage holding capacitor formed between the 
gate electrode of the second n-type MOS transistor and a voltage holding capacitor 
electrode; and a third n-type MOS transistor with a gate electrode connected to a voltage 
adjustable bias power supply line, a source electrode connected to the voltage holding 
capacitor electrode, and a drain electrode connected to the pixel electrode. 

With a liquid crystal display device of a twenty eighth aspect of the present 
invention, in an active matrix type liquid crystal display device where pixel electrodes 
are driven by MOS type transistor circuits respectively disposed in the vicinity of 
intersection points of a plurality of scanning lines and a plurality of signal lines, the 
MOS type transistor circuits comprise: a first n-type MOS transistor with a gate 
electrode connected to a scanning line, and one of a source electrode and a drain 
electrode connected to a signal line; a second n-type MOS transistor with a gate 
electrode connected to the other of the source electrode and the drain electrode of the 
first n-type MOS transistor, and one of a source electrode and a drain electrode 
connected to a reset electrode, and the other of the source electrode and the drain 
electrode connected to a pixel electrode; a voltage holding capacitor formed between the 
gate electrode of the second n-type MOS transistor and a voltage holding capacitor 
electrode; and a third n-type MOS transistor with a gate electrode connected to the 
voltage holding capacitor electrode, a source electrode connected to a voltage adjustable 
bias power supply line, and a drain electrode connected to the pixel electrode. 
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With a liquid crystal display device of a twenty ninth aspect of the' present 
invention, in an active matrix type liquid crystal display device where pixel electrodes 
are driven by MOS type transistor circuits respectively disposed in the vicinity of 
intersection points of a plurality of scanning lines and a plurality of signal lines, the 
MOS type transistor circuits comprise: a first n-type MOS transistor with a gate 
electrode connected to a scanning line, and one of a source electrode and a drain 
electrode connected to a signal line; a second n-type MOS transistor with a gate 
electrode connected to the other of the source electrode and the drain electrode of the 
first n-type MOS transistor, and one of a source electrode and a drain electrode 
connected to a reset electrode, and the other of the source electrode and the drain 
electrode connected to a pixel electrode; a voltage holding capacitor formed between the 
gate electrode of the second n-type MOS transistor and a voltage holding capacitor 
electrode; and a third n-type MOS transistor with a gate electrode and a source electrode 
connected to the voltage holding capacitor electrode, and a drain electrode connected to 
the pixel electrode. 

With the liquid crystal display device of the twenty sixth aspect of the present 
invention, preferably the value of the resistance is set to less than or equal to the value of 
a resistance component which determines a response time constant of the liquid crystal. 
Moreover, it is preferable if the resistance is formed from a semiconductor thin film, or a 
semiconductor thin film which has been doped with impurities. 

With the liquid crystal display device of the twenty seventh through twenty ninth 
aspects of the present invention, preferably the value of a source-drain resistance of the 
third n-type MOS transistor is set to less than or equal to the value of a resistance 
component which determines a response time constant of the liquid crystal. 
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With the liquid crystal display device of the twenty sixth through twenty ninth 
aspects of the present invention, preferably the MOS type transistor circuits are formed 
by integrating thin film transistors. Moreover, it is also preferable if liquid crystal 
material is a nematic liquid crystal, a ferroelectric liquid crystal, an antiferroelectric 
liquid crystal, a thresholdless antiferroelectric liquid crystal, a distorted helix 
ferroelectric liquid crystal, a twisted ferroelectric liquid crystal, or a monostable 
ferroelectric liquid crystal. 

A tenth liquid crystal display device drive method of the present invention is 
characterized in that, with a method of driving the liquid crystal display device according 
to the twenty sixth through twenty ninth aspects of the present invention, the method 
involves: supplying a voltage lower than a minimum voltage of the data signal to the 
voltage holding capacitor electrode; and at a time prior to a scanning line selection 
period, resetting the second n-type MOS transistor by transferring a reset signal to the 
pixel electrode through the second n-type MOS transistor; and in a scanning line 
selection period, storing a data signal in the voltage holding capacitor through the first 
n-type MOS transistor by means of a scanning pulse signal, and writing a signal 
corresponding to the stored data signal to a pixel electrode through the second n-type 
MOS transistor, and also continuing on after completion of the scanning line selection 
period, writing a signal corresponding to the stored data signal to a pixel electrode 
through the second n-type MOS transistor. 

An eleventh liquid crystal display device drive method of the present invention is 
characterized in that, with a method of driving the liquid crystal display device according 
to the twenty sixth through twenty ninth aspects of the present invention, the method 
involves: supplying a voltage lower than a minimum voltage of the data signal to the 
voltage holding capacitor electrode; and in a scanning line selection period, storing a 
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data signal in the voltage holding capacitor through the first n-type MOS transistor by 
means of a scanning pulse signal, and resetting the second n-type MOS transistor by 
transferring a reset signal to the pixel electrode through the second n-type MOS 
transistor; and after completion of the scanning line selection period, writing a signal 
corresponding to the stored data signal to a pixel electrode through the second n-type 
MOS transistor. 

With a liquid crystal display device of a thirtieth aspect of the present invention, 
in an active matrix type liquid crystal display device where pixel electrodes are driven by 
MOS type transistor circuits respectively disposed in the vicinity of intersection points of 
a plurality of scanning lines and a plurality of signal lines, the MOS type transistor 
circuits comprise: a first p-type MOS transistor with a gate electrode connected to a 
scanning line, and one of a source electrode and a drain electrode connected to a signal 
line; a second p-type MOS transistor with a gate electrode connected to the other of the 
source electrode and the drain electrode of the first p-type MOS transistor, and one of a 
source electrode and a drain electrode connected to a reset electrode, and the other of the 
source electrode and the drain electrode connected to a pixel electrode; a voltage holding 
capacitor formed between the gate electrode of the second p-type MOS transistor and a 
voltage holding capacitor electrode; and a resistor connected between the pixel electrode 
and the voltage holding capacitor electrode. 

With a liquid crystal display device of a thirty first aspect of the present invention, 
in an active matrix type liquid crystal display device where pixel electrodes are driven by 
MOS type transistor circuits respectively disposed in the vicinity of intersection points of 
a plurality of scanning lines and a plurality of signal lines, the MOS type transistor 
circuits comprise: a first p-type MOS transistor with a gate electrode connected to a 
scanning line, and one of a source electrode and a drain electrode connected to a signal 
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line; a second p-type MOS transistor with a gate electrode connected to the other of the 
source electrode and the drain electrode of the first p-type MOS transistor, and one of a 
source electrode and a drain electrode connected to a reset electrode, and the other of the 
source electrode and the drain electrode connected to a pixel electrode; a voltage holding 
capacitor formed between the gate electrode of the second p-type MOS transistor and a 
voltage holding capacitor electrode; and a third p-type MOS transistor with a gate 
electrode connected to a voltage adjustable bias power supply line, a source electrode 
connected to the voltage holding capacity electrode, and a drain electrode connected to 
the pixel electrode. 

With a liquid crystal display device of a thirty second aspect of the present 
invention, in an active matrix type liquid crystal display device where pixel electrodes 
are driven by MOS type transistor circuits respectively disposed in the vicinity of 
intersection points of a plurality of scanning lines and a plurality of signal lines, the 
MOS type transistor circuits comprise: a first p-type MOS transistor with a gate 
electrode connected to a scanning line, and one of a source electrode and a drain 
electrode connected to a signal line; a second p-type MOS transistor with a gate 
electrode connected to the other of the source electrode and the drain electrode of the 
first p-type MOS transistor, and one of a source electrode and a drain electrode 
connected to a reset electrode, and the other of the source electrode and the drain 
electrode connected to a pixel electrode; a voltage holding capacitor formed between the 
gate electrode of the second p-type MOS transistor and a voltage holding capacitor 
electrode; and a third p-type MOS transistor with a gate electrode connected to the 
voltage holding capacitor electrode, a source electrode connected to a voltage adjustable 
bias power supply line, and a drain electrode connected to the pixel electrode. 
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With a liquid crystal display device of a thirty third aspect of the present 
invention, in an active matrix type liquid crystal display device where pixel electrodes 
are driven by MOS type transistor circuits respectively disposed in the vicinity of 
intersection points of a plurality of scanning lines and a plurality of signal lines, the 
MOS type transistor circuits comprise: a first p-type MOS transistor with a gate 
electrode connected to a scanning line, and one of a source electrode and a drain 
electrode connected to a signal line; a second p-type MOS transistor with a gate 
electrode connected to the other of the source electrode and the drain electrode of the 
first p-type MOS transistor, and one of a source electrode and a drain electrode 
connected to a reset electrode, and the other of the source electrode and the drain 
electrode connected to a pixel electrode; a voltage holding capacitor formed between the 
gate electrode of the second p-type MOS transistor and a voltage holding capacitor 
electrode; and a third p-type MOS transistor with a gate electrode and a source electrode 
connected to the voltage holding capacitor electrode, and a drain electrode connected to 
the pixel electrode. 

With the liquid crystal display device of the thirtieth aspect of the present 
invention, preferably the value of the resistance is set to less than or equal to the value of 
a resistance component which determines a response time constant of the liquid crystal. 
Moreover, it is preferable if the resistance is formed from a semiconductor thin film, or a 
semiconductor thin film which has been doped with impurities. 

With the liquid crystal display device of the thirty first through thirty third 
aspects of the present invention, preferably the value of a source-drain resistance of the 
third p-type MOS transistor is set to less than or equal to the value of a resistance 
component which determines a response time constant of the liquid crystal. 
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With the liquid crystal display device of the thirtieth through thirty third aspects 
of the present invention, preferably the MOS type transistor circuits are formed by 
integrating thin film transistors. Moreover, it is also preferable if liquid crystal material 
is a nematic liquid crystal, a ferroelectric liquid crystal, an antiferroelectric liquid crystal, 
a thresholdless antiferroelectric liquid crystal, a distorted helix ferroelectric liquid 
crystal, a twisted ferroelectric liquid crystal, or a monostable ferroelectric liquid crystal. 

A twelfth liquid crystal display device drive method of the present invention is 
characterized in that, with a method of driving the liquid crystal display device according 
to the thirtieth through thirty third aspects of the present invention, the method involves: 
supplying a voltage higher than a maximum voltage of the data signal to the voltage 
holding capacitor electrode; and at a time prior to a scanning line selection period, 
resetting the second p-type MOS transistor by transferring a reset signal to the pixel 
electrode through the second p-type MOS transistor; and in a scanning line selection 
period, storing a data signal in the voltage holding capacitor through the first p-type 
MOS transistor by means of a scanning pulse signal, and writing a signal corresponding 
to the stored data signal to a pixel electrode through the second p-type MOS transistor, 
and also continuing on after completion of the scanning line selection period, writing a 
signal corresponding to the stored data signal to a pixel electrode through the second p- 
type MOS transistor. 

A thirteenth liquid crystal display device drive method of the present invention is 
characterized in that, with a method of driving the liquid crystal display device according 
to the thirtieth through thirty third aspects of the present invention, the method involves: 
supplying a voltage higher than a maximum voltage of the data signal to the voltage 
holding capacitor electrode; and in a scanning line selection period, storing a data signal 
in the voltage holding capacitor through the first p-type MOS transistor by means of a 
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scanning pulse signal, and resetting the second p-type MOS transistor by transferring a 
reset signal to the pixel electrode through the second p-type MOS transistor; and after 
completion of the scanning line selection period, writing a signal corresponding to the 
stored data signal to a pixel electrode through the second p-type MOS transistor. 

Preferably the construction is as a liquid crystal display device with a time 
division drive scheme, which performs color display by driving involving switching the 
color of the incident light in one frame period, using any one of the liquid crystal display 
devices of the first through thirty third aspects of the present invention. 



FIG. 1 is a diagram showing afifst embodiment of a liquid crystal display device 



FIG. 2 is a diagram illustrating a drive method for the liquid crystal display 
device of the present invention. 



FIG. 3 is a diagram showing a second embodiment of a liquid crystal display 
device of the present invention. ""-^ ^ 



FIG. 4 is a diagram showirig the structure of a resistor constituting the liquid 
crystal display device of the present invention. 

FIG. 5 is a diagram showing the structure of a resistor constituting the liquid 
crystal display device of the present invention. 

FIG. 6 is a diagram showing the structure of a resistor constituting the liquid 
crystal display device of the present invention. 

FIG. 7 is a diagram illustrating a drive method for the liquid crystal display 
device of the present invention. 



BRIEF DESCRIPTION OF THE DRAWINGS 



of the present invention. 
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FIG. 8 is a diagram illustrating a drive method for the liquid crystal display 
device of the present invention. 

FIG. 9 is a diagram illustrating a drive method for the liquid crystal display 
device of the present invention. 

FIG. 10 is a diagram showing a third embodiment of a liquid crystal display 
device of the present invention. 

FIG. 11 is a diagram showing an operating point of a MOS type transistor 
constituting the liquid crystal display device of the present invention. 



FIG. 12 is a diagram showing/a fourth embodiment of a liquid crystal display 



FIG. 13 is a diagram showingxafifth embodiment of a liquid crystal display 



device of the present invention. 

FIG. 14 is a diagram showing an operating point of a MOS type transistor 
constituting the liquid crystal display device of the present invention. 

FIG. 15 is a diagram showing a sixth embodiment of a liquid crystal display 
device of the present invention. 

FIG. 16 is a diagram showing the structure of a resistor constituting the liquid 
crystal display device of the present invention. 

FIG. 17 is a diagram showing the structure of a resistor constituting the liquid 
crystal display device of the present invention. 

FIG. 18 is a diagram showing the structure of a resistor constituting the liquid 
crystal display device of the present invention. 

FIG. 19 is a diagram illustrating a drive method for the liquid crystal display 
device of the present invention. 




device of the present invention. 
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FIG. 20 is a diagram illustrating a drive method for the liquid crystal display 
device of the present invention. 

FIG. 21 is a diagram illustrating a drive method for the liquid crystal display 

device of the present invention. — — 

5 FIG. 22 is a diagram showing^ seventh embodiment of a liquid crystal display 

device of the present invention. 

FIG. 23 is a diagram showing an operating point of a MOS type transistor 
constituting the liquid crystal display device of-the present invention. 

q FIG. 24 is a diagram showing an eighth embodiment of a liquid crystal display 

— — ^ 

fU 10 device of the present invention. 

hf FIG. 25 is a diagram showing a. ninth-embodiment of a liquid crystal display 

If device of the present invention. 

n FIG. 26 is a diagram showing an operating point of a MOS type transistor 

l1 constituting the liquid crystal display devi£e-of~tK£"present invention. 

y3 15 FIG. 27 is a diagram showing^tenth embodiment of a liquid crystal display 

device of the present invention. 

FIG. 28 is a diagram illustrating a drive method for the liquid crystal display 
device of the present invention. 

FIG. 29 is a diagram showing an eleventh^^bodiment of a liquid crystal display 
20 device of the present invention. 

FIG. 30 is a diagram showing a twelftl^embodiment of a liquid crystal display 
device of the present invention. 

FIG. 31 is a diagram showing a thirteenth^mbodiment of a liquid crystal display 
device of the present invention. 





J 
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FIG. 32 is a diagram showing a fourteenth embodiment of a liquid crystal display 
device of the present invention. 

FIG. 33 is a diagram illustrating a drive method for the liquid crystal display 
device of the present invention. 

FIG. 34 is a diagram showing a fifteenth embodiment of a liquid crystal display 
device of the present invention. 

FIG. 35 is a diagram showing a sixteenth embodiment of a liquid crystal display 
device of the present invention. 

FIG. 36 is a diagram showing a seventeenth embodiment of a liquid crystal 
display device of the present invention. 

FIG. 37 is a diagram showing an eighteenth embodiment of a liquid crystal 
display device of the present invention. 

FIG. 38 is a diagram illustrating a drive method for the liquid crystal display 
device of the present invention. 

FIG. 39 is a diagram showing a nineteenth embodiment of a liquid crystal display 
device of the present invention. 

FIG. 40 is a diagram showing a twentieth embodiment of a liquid crystal display 
device of the present invention. 

FIG. 41 is a diagram showing a twenty first embodiment of a liquid crystal 
display device of the present invention. 

FIG. 42 is a diagram showing a twenty second embodiment of a liquid crystal 
display device of the present invention. 

FIG. 43 is a diagram illustrating a drive method for the liquid crystal display 
device of the present invention. 
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FIG. 44 is a diagram showing a twenty third embodiment of a liquid crystal 
display device of the present invention. 

FIG. 45 is a diagram showing a twenty fourth embodiment of a liquid crystal 
display device of the present invention. 

FIG. 46 is a diagram showing a twenty fifth embodiment of a liquid crystal 
display device of the present invention. 

FIG. 47 is a diagram showing a twenty sixth embodiment of a liquid crystal 
display device of the present invention. 

FIG. 48 is a diagram illustrating a drive method for the liquid crystal display 
device of the present invention. 

FIG. 49 is a diagram illustrating a drive method for the liquid crystal display 
device of the present invention. 

FIG. 50 is a diagram showing a twenty seventh embodiment of a liquid crystal 
display device of the present invention. 

FIG. 51 is a diagram showing a twenty eighth embodiment of a liquid crystal 
display device of the present invention. 

FIG. 52 is a diagram showing a twenty ninth embodiment of a liquid crystal 
display device of the present invention. 

FIG. 53 is a diagram showing a thirtieth embodiment of a liquid crystal display 
device of the present invention. 

FIG. 54 is a diagram illustrating a drive method for the liquid crystal display 
device of the present invention. 

FIG. 55 is a diagram illustrating a drive method for the liquid crystal display 
device of the present invention. 
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FIG. 56 is a diagram showing a thirty first embodiment of a liquid'crystal display 
device of the present invention. 

FIG. 57 is a diagram showing a thirty second embodiment of a liquid crystal 
display device of the present invention. 

FIG. 58 is a diagram showing a thirty third embodiment of a liquid crystal display 
device of the present invention. 

FIG. 59 is a diagram showing the construction of a conventional liquid crystal 
display device. 

FIG. 60 is a diagram showing an equivalent circuit for a liquid crystal. 
FIG. 61 is a diagram illustrating a drive method for a conventional liquid crystal 
display device. 

FIG. 62 is a diagram showing an equivalent circuit for a liquid crystal. 
FIG. 63 is a diagram illustrating a drive method for a conventional liquid crystal 
display device. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
A first embodiment of the present invention will now be described in detail with 
reference to the figures. FIG. 1 is a diagram showing a first embodiment of a liquid 
crystal display device of the present invention. As shown in the figure, the liquid crystal 
display device of the present invention comprises: a MOS type transistor (Qn) 103 with a 
gate electrode connected to a scanning line 101, and one of a source electrode and a 
drain electrode connected to a signal line 102; an analog amplifier circuit 104 with an 
input electrode connected to the other of the source electrode and the drain electrode of 
the transistor (Qn) 103, and an output electrode connected to a pixel electrode 107; a 
voltage holding capacitor 106 formed between the input electrode of the analog amplifier 
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circuit 104 and a voltage holding capacitor electrode 105; and a liquid crystal 109 which 
is to be switched, disposed between the pixel electrode 107 and an opposing electrode 
108. Here the MOS type transistor (On) 103 and the analog amplifier circuit 104 are 
constituted by p-SiTFTs. Furthermore, the gain of the analog amplifier circuit 104 is set 
to one. 

As follows is a description of the drive method for the liquid crystal display 
device using this pixel construction, with reference to FIG. 2. FIG. 2 shows the timing 
chart, and the change in light transmittance of the liquid crystal, a gate scanning voltage 
Vg, a data signal voltage Vd, an amplifier input voltage Va and a pixel voltage Vpix, for 
the case where a high speed liquid crystal such as a ferroelectric liquid crystal having 
polarization, an antiferroelectric liquid crystal, or an OCB mode liquid crystal which 
responds within one field period, is driven by the pixel construction shown in FIG. 1. 
Here the example is given for when the liquid crystal operates in a so called normally 
black mode, becoming dark when a voltage is not applied. As shown in the figure, due 
for to the gate scanning voltage Vg in the horizontal scanning period becoming a high 
level VgH, the transistor 103 comes on, and the data signal Vd input to the signal line is 
transferred to the input electrode of the analog amplifier circuit 104 through the 
transistor 103. When the horizontal scanning period is completed and the gate scanning 
voltage Vg becomes a low level, the transistor (Qa) 103 goes off, and the data signal 
transferred to the input electrode of the analog amplifier circuit is held by the voltage 
holding capacitor 105. At this time, with the amplifier input voltage Va, at the time 
when the transistor (Qa) 103 goes off, a voltage shift referred to as a feed- through 
voltage occurs through the capacitance between the gate and the source of the transistor 
(Qa) 103. In FIG. 2 this is shown by Vfl, Vf2 and Vf3. The amount of this voltage shift 
Vfl, Vf2 and Vf3 can be made smaller by designing the value for the voltage holding 
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capacitor 105 to be large. The amplifier input voltage Va is held until the* gate scanning 
voltage Vg again becomes a high level in the subsequent field period and the transistor 
(Qn) 103 is selected. The analog amplifier circuit 104, during the period in the 
subsequent field up until the amplifier input voltage changes, can output an analog 
gradation voltage corresponding to the held amplifier input voltage Va. In this case, the 
pixel electrode 107 is driven by the analog amplifier circuit 104 even after completion of 
the horizontal scanning period, and hence the fluctuations in the pixel voltage Vpix 
accompanying the response of the liquid crystal as discussed for the conventional 
technology can be eliminated. As a result, as shown by the wave form of the pixel 
voltage Vpix in FIG. 2, a desired voltage can be applied to the liquid crystal over the one 
field period, and as also shown by the liquid crystal light transmittance, it becomes 
possible to obtain a desired gradation for each one field. 

With the abovementioned embodiment, it was noted that the MOS type transistor 
(Qn) 103 and the analog amplifier circuit 104 were formed from p-SiTFTs. However 
these may be formed from other thin film transistors such as a-SiTFTs or cadmium- 
selenium thin film transistors (referred to hereunder as CdSeTFTs). Moreover these may 
be formed from single crystal silicon transistors. Furthermore, in the abovementioned 
embodiment, an n-type MOS transistor is employed for the pixel selection switch. 
However a p-type MOS transistor may be employed. In this case, for the gate scanning 
signal, a pulse signal which becomes a low level at the time of selection and a high level 
at the time of non selection is input. Furthermore, with the abovementioned 
embodiment, the description has been for the case of driving a high speed liquid crystal 
such as a ferroelectric liquid crystal having polarization, an antiferroelectric liquid 
crystal, or an OCB liquid crystal which responds within one field period. However even 
in the case of driving another liquid crystal such as a TN liquid crystal which does not 
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completely respond within one field period, a similar effect where a more accurate 
gradation display can be realized, can be obtained. 

When the above described liquid crystal display device and drive method of the 
first embodiment is applied to a liquid crystal display device with a time division driving 
method which switches the color of the incident light in one field (one frame) period to 
perform color display, good color reproduction and high gradation display can be 
realized. This is because of the characteristic that even in the- case where the liquid 
crystal display device of the present invention drives a high speed liquid crystal such as a 
ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
OCB mode liquid crystal which responds within one field period, fluctuations do not 
occur in the pixel voltage accompanying the response of the liquid crystal, and hence a 
desired gradation display can be performed for each one field (one frame) period. At this 
time, for liquid crystal material, a thresholdless antiferroelectric liquid crystal is used. 

A second embodiment of the present invention will now be described in detail 
with reference to the figures. FIG. 3 is a diagram showing a second embodiment of a 
liquid crystal display device of the present invention. As shown in the figure, the liquid 
crystal display device of the present invention comprises: an n-type MOS transistor (On) 
301 with a gate electrode connected to a scanning line 101, and one of a source electrode 
and a drain electrode connected to a signal line 102; a p-type MOS transistor (Qp) 302 
with a gate electrode connected to the other of the source electrode and the drain 
electrode of the n-type MOS transistor (Qn) 301, and one of a source electrode and a 
drain electrode connected to the scanning line 101, and the other of the source electrode 
and the drain electrode connected to a pixel electrode 107; a voltage holding capacitor 
106 formed between the gate electrode of the p-type MOS transistor 302 and a voltage 
holding capacitor electrode 105; a resistor RL 303 connected between the pixel electrode 
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107 and the voltage holding capacitor electrode 105; and a liquid crystal lt)9 which is to 
be switched, disposed between the pixel electrode 107 and an opposing electrode 108. 
Here the n-type MOS transistor (Qn) 301 and the p-type MOS transistor (Qp) 302 are 
constituted by p-SiTFTs. 

Moreover, the value of the resistor RL 303 is set to less than or equal to the value 
of the resistance component which determines the response time constant of the liquid 
crystal. That is, the resistances Rr, Rsp in the liquid crystal equivalent circuit shown in 
FIG. 60 and FIG. 62, and the value of the resistor RL 303, have the relation shown by the 
following equation: 

RL <; Rr, RL «s Rsp (1) 

For example, in the case when the resistance Rsp is 5 GQ , then the value of the 
resistor RL is set to a value of around 1GQ. A value of 1 G Q which is a large 
resistance not used in normal semiconductor integrated circuits, is formed from a 
semiconductor thin film or a semiconductor thin film which has been doped with 
impurities. 

FIG. 4 shows a structural example for the case where the resistor RL is formed 
from a lightly doped p-type semiconductor thin film (p-). In FIG. 4, the construction of a 
p-type p-SiTFT 402 is also shown. As shown in the figure, one of the source and the 
drain electrodes of the p-type p-SiTFT 402 is connected to the scanning line 101, and the 
other is connected to the pixel electrode 107. Here with the p- layer 404 portion which 
forms the resistor, the amount of impurity doping, and the length and width are designed 
so that the conditions shown in equation (1) are satisfied. Moreover, the p-type p-SiTFT 
402 has a lightly doped drain (referred to hereunder as an LDD) construction for high 
voltage endurance. In order to simplify the production process, the step of forming the 
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LDD of the p-SiTFT 402 and the step of forming the resistor RL (p-) are performed at 
the same time. 

Next, an example of where the resistor RL is formed from a semiconductor thin 
film (i layer) 501 which has not been doped with impurities is shown in FIG. 5. Here the 
length and width of the i layer 501 forming the resistor are designed so that equation (1) 
is satisfied. Furthermore, in the case where the i layer 501 is used as the resistor RL, 
then as shown in the figure, a p-type lightly doped p- layer 404 is formed between a 
source-drain electrode (p+) 403 on the side of the p-type p-SiTFT 402 which is 
connected to the pixel electrode 107, and the resistor RL (i layer) 501. This is because if 
the p+ layer and the i layer are contacted, an extremely high short key resistance is 
formed, and a resistance satisfying equation (1) can no longer be formed on the small 
area. Similarly, a p- layer 404 is formed between the p+ electrode 403 connected to the 
voltage holding capacitor electrode 105, and the i layer 501. 

Next, an example for the case where the resistor RL is formed from an n-type 
semiconductor thin film (n-) which has been lightly doped is shown in FIG. 6. Here with 
the portion of the n- layer 602 which forms the resistor, the amount of impurity doping, 
and the length and width are designed so that the conditions shown in equation (1) are 
satisfied. In the case where the source-drain electrode (p+ layer) 403 of the p-type p- 
SiTFT 402, and the n- layer 602 are connected, then as shown in the figure, the p+ layer 
403 and the n+ layer 601 are connected through a metal layer 406, and the n+ layer 601 
is contacted with the n- layer 602. 

In the above, the description has been for the case where the resistor RL shown in 
FIG. 3 is formed from a semiconductor thin film or a semiconductor thin film doped 
with impurities. However provided the resistance satisfies equation (1), then other 
materials may be employed. 
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As follows is a description of the drive method for the liquid crystal display 
device using the pixel construction shown in FIG. 3. FIG. 7 shows the timing chart, and 
the change in light transmittance of the liquid crystal, for a gate scanning voltage Vg, a 
data signal voltage Vd, a gate voltage Va of the p-type MOS transistor (Qp) 302, and a 
pixel voltage Vpix, for the case where a high speed liquid crystal such as a ferroelectric 
liquid crystal having polarization, an antiferroelectric liquid crystal, or an OCB mode 
liquid crystal which responds within one field period, is driven by the pixel construction 
shown in FIG. 3. Here the example is given for when the liquid crystal operates in a 
normally black mode, becoming dark when a voltage is not applied. As shown in the 
figure, due to the gate scanning voltage Vg in the horizontal scanning period becoming a 
high level VgH, the n-type MOS transistor (Qn) 301 comes on, and the data signal Vd 
input to the signal line is transferred to the gate electrode of the p-type MOS transistor 
(Op) 302 through the n-type MOS transistor (Qn) 301. On the other hand, in the 
horizontal scanning period, the pixel electrode 107 attains the reset state due to the gate 
scanning voltage VgH being transferred through the p-type MOS transistor (Qp) 302. 
Here as described below, the p-type MOS transistor (Qp) 302 operates as a source 
follower type analog amplifier, after the horizontal scanning period is completed. 
However due to the pixel voltage Vpix becoming VgH in the horizontal scanning period, 
the resetting of the p-type MOS transistor (Qp) 302 is performed at the same time. 

When the horizontal scanning period is completed and the gate scanning voltage 
Vg becomes a low level, the n-type MOS transistor (Qn) 301 goes off, and the data 
signal transferred to the gate electrode of the p-type MOS transistor (Qp) 302 is held by 
the voltage holding capacitor 105. At this time, with the gate input voltage Va of the p- 
type MOS transistor, at the time when the n-type MOS transistor (Qn) 301 goes off, a 
voltage shift referred to as a feed-through voltage occurs through the capacitance 
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between the gate and the source of the n-type MOS transistor (Qn) 301. In FIG. 7 this is 
shown by Vfl, Vf2 and Vf3. The amount of this voltage shift Vfl, Vf2 and Vf3 can be 
made smaller by designing the value for the voltage holding capacitor 105 to be large. 
The gate input voltage Va of the p-type MOS transistor (Qp) 302 is held until the gate 
scanning voltage Vg again becomes a high level in the subsequent field period arid the n- 
type MOS transistor (Qn) 301 is selected. On the other hand, the p-type MOS transistor 
(Qp) 302, on completion of resetting in the horizontal scanning period, operates as a 
source follower type analog amplifier with the pixel electrode 107 as the source 
electrode. At this time, in order to operate the p-type MOS transistor (Qp) 302 as an 
analog amplifier, a voltage at least higher than (Vdmax-Vtp) is supplied to the voltage 
holding capacitor electrode 105. Here Vdmax is the maximum value of the data signal 
voltage Vd, while Vtp is the threshold value voltage of the p-type MOS transistor (Qp) 
302. The p-type MOS transistor (Qp) 302, during the period in the subsequent field up 
until the gate scanning voltage becomes VgH to thus execute reset, can output an analog 
gradation voltage corresponding to the held gate input voltage Va. This output voltage 
changes depending on the transconductance gmp of the p-type MOS transistor, and the 
value of the resistor RL 303, however it is generally represented by the following 
equation: 

Vpix =? Va - Vtp (2) 

Here Vtp is normally a negative value, and hence as shown in FIG. 7, the pixel 
voltage Vpix becomes a voltage which is higher than Va by the absolute value of the 
threshold value voltage of the p-type MOS transistor (Qp) 302. In this way, the 
fluctuations in the pixel voltage Vpix accompanying the response of the liquid crystal as 
discussed for the conventional technology can be eliminated, and as also shown by the 
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liquid crystal light transmittance in FIG. 7, it becomes possible to obtain a desired 
gradation for each one field. 

Furthermore, with the liquid crystal display device of the present invention, the 
construction is such that the scanning voltage is used as the power supply for the p-type 
MOS transistor (Qp) 302 which operates as an analog amplifier, and as the reset power 
supply, and resetting of the amplifier is performed by the p-type MOS transistor (Qp) 
302 itself. Therefore wiring and circuits such as a power supply lead, a reset power 
supply lead and a reset switch, become unnecessary. As a result, the analog amplifier 
can be constructed with a smaller area than heretofore, giving a high aperture efficiency 
so that a noticeable effect is obtained. 

Furthermore, with the abovementioned embodiment, it was noted that the n-type 
MOS transistor (Qn) 301 and the p-type MOS transistor (Qp) 302 were formed from p- 
SiTFTs. However these may be formed from other thin film transistors such as a- 
SiTFTs or CdSeTFTs. Moreover these may be formed from single crystal silicon 
transistors. 

Next is a description of a method of driving a TN liquid crystal using the liquid 
crystal display device of the present invention shown in FIG. 3. FIG. 8 shows the timing 
chart, and the change in light transmittance of the liquid crystal, for a gate scanning 
voltage Vg, a data signal voltage Vd, the gate voltage Va of the p-type MOS transistor 
(Qa) 302, and the pixel voltage Vpix, for this case. Here the example is given for when 
the liquid crystal operates in a normally white mode, becoming bright when a voltage is 
not applied. Furthermore, for the data signal Vd, the example is given for where a signal 
voltage for creating a bright state over several fields is applied. The drive method is the 
same as for the one shown in the beforementioned FIG. 7. With the TN liquid crystal, 
since the response time is around several tens of msec to lOOmec, then as shown in FIG. 



-54- 

8, the TN liquid crystal undergoes a transition to the bright state over several fields. 
During this time, the liquid crystal capacitance changes due to the molecules of the TN 
liquid crystal switching. With the conventional liquid crystal display device, as shown in 
the beforementioned FIG. 61, the pixel voltage Vpix fluctuates, and hence the inherent 
liquid crystal light transmittance TO cannot be obtained. On the other hand, with the 
liquid crystal display device of the present invention, the p-type MOS transistor (Qp) 302 
operates as an amplifier, and hence a constant voltage can be applied continuously to the 
liquid crystal 109 without being influenced by changes in the capacitance of the TN 
liquid crystal. Therefore the inherent light transmittance can be obtained, and accurate 
gradation display can be performed. 

Next is a description of the change of the pixel voltage Vpix when the value of 
the resistor RL 303 is changed, in the liquid crystal display device of the present 
invention shown in FIG. 3. FIG. 9 shows aspects of the change of the pixel voltage Vpix 
for the case where the value of the resistor RL 303 in FIG. 3 is changed with respect to 
the liquid crystal resistance Rsp in FIG. 62, to (1) Rsp/4, (2) Rsp and (3) 2 x Rsp. As 
shown in the figure, in the case where the value of the resistor RL 303 is greater than that 
of the liquid crystal resistance Rsp ((3)), the pixel voltage Vpix shows a large fluctuation 
in the field in which a positive polarity signal is written. On the other hand, in the case 
where the value of the resistor RL 303 is less than or equal to that of the liquid crystal 
resistance Rsp ((1),(2)), the fluctuation in the pixel voltage Vpix is practically gone. In 
the case where the value of the resistor RL 303 is the same as that of the liquid crystal 
resistance Rsp ((2)), only a slight fluctuation is observed, and since the period of this 
fluctuation is extremely short compared to the period of one field, it has no influence on 
performing gradation display control. 
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Due to the above described reasons, in the liquid crystal display device shown in 
FIG. 3, the resistor RL 303 is designed so that the conditions shown in equation (1) are 
satisfied. In practice, the value of the resistor RL 303 is determined taking into 
consideration the fluctuation amount of the pixel voltage Vpix, and the power 
consumption. In order to reduce power consumption, it is desirable to design the value 
of the resistor RL 303 so as to be as large as possible within the range where the 
fluctuations of the pixel voltage Vpix do not exert an influence on the liquid crystal light 
transmittance. 

When the above described liquid crystal display device and drive method of the 
second embodiment is applied to a liquid crystal display device with a time division 
driving method which switches the color of the incident light in one field (one frame) 
period to perform color display, good color reproduction and high gradation display can 
be realized. This is because of the characteristic that even in the case where the liquid 
crystal display device of the present invention drives a high speed liquid crystal such as a 
ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
OCB mode liquid crystal which responds within one field period, fluctuations do not 
occur in the pixel voltage accompanying the response of the liquid crystal, and hence a 
desired gradation display can be performed for each one field (one frame) period. At this 
time, for liquid crystal material, a thresholdless antiferroelectric liquid crystal is used. 

A third embodiment of the present invention will now be described in detail with 
reference to the figures. FIG. 10 is a diagram showing a third embodiment of a liquid 
crystal display device of the present invention. As shown in the figure, the liquid crystal 
display device of the present invention comprises: an n-type MOS transistor (Qn) 1001 
with a gate electrode connected to a scanning line 101, and one of a source electrode and 
a drain electrode connected to a signal line 102; a first p-type MOS transistor (Qpl) 1002 
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with a gate electrode connected to the other of the source electrode and the drain 
electrode of the n-type MOS transistor (Qn) 1001, and one of a source electrode and a 
drain electrode connected to the scanning line 101, and the other of the source electrode 
and the drain electrode connected to a pixel electrode 107; a voltage holding capacitor 
106 formed between the gate electrode of the first p-type MOS transistor (Qpl) 1002 and 
a voltage holding capacitor electrode 105; a second p-type MOS transistor (Op2) 1003 
with a gate electrode connected to a bias power supply VB 1004, a source electrode 
connected to the voltage holding capacitor electrode 105, and a drain electrode 
connected to the pixel electrode 107; and a liquid crystal 109 which is to be switched, 
disposed between the pixel electrode 107 and an opposing electrode 108. Here the n- 
type MOS transistor (Qn) 1001 and the first and second p-type MOS transistors (Qpl) 
1002 and (Qp2) 1003 are constituted by p-SiTFTs. The bias power supply VB 1004 for 
supply to the gate electrode of the second p-type MOS transistor (Qp2) 1003, is set so 
that a source-drain resistance Rdsp of the second p-type MOS transistor (Qp2) 1003 
becomes less than or equal to the value of the resistance component which determines 
the response time constant of the liquid crystal. That is, the resistances Rr, Rsp in the 
liquid crystal equivalent circuit shown in FIG. 60 and FIG. 62, and the source-drain 
resistance Rdsp, have the relation shown by the following equation: 

Rdsp Rr, Rdsp <; Rsp (3) 

For example, in the case when the resistance Rsp is 5 GQ , then a bias power 
supply VB 1004 such that the source-drain resistance Rdsp does not exceed 1 GQ is 
supplied. FIG. 11 shows the drain current-gate current characteristics of the second p- 
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type MOS transistor (Qp2) 1003, and the operating point. With the example in the 
figure, the gate-source voltage (VB-VCH) of the second p-type MOS transistor (Qp2) 
1003 is set to around -3V. For example, the voltage holding capacitor voltage VCH is 
set to 20V, and VB is set to 17V. As a result, when the drain current of the second p- 
5 type MOS transistor (Qp2) 1003 becomes around 1E-8 (A) and the source-drain voltage 
Vdsp is -10V, then the source-drain resistance Rdsp becomes 1GQ. Furthermore, even 
if the second p-type MOS transistor (Qp2) 1003 is operated in the weakly inverted region 
with the source-drain voltage Vdsp changing from -2 to -14V, the drain current is 
□ approximately constant. The second p-type MOS transistor (Qp2) 1003 is operated as 

fy 10 the bias current power supply for the case where the first p-type MOS transistor (Opl) 

1002 is operated as an analog amplifier. 

y I 

2 The above described drive method for the liquid crystal display device of the 

i» third embodiment shown in FIG. 10 is the same as the drive method for the liquid crystal 

J display device of the second embodiment shown beforehand in FIG. 3. That is, in the 

yj 

yg 15 case where a high speed liquid crystal such as a ferroelectric liquid crystal having 

yg 

polarization, an antiferroelectric liquid crystal, or an OCB mode liquid crystal which 
responds within one field period, is driven, the pixel voltage Vpix and the liquid crystal 
light transmittance are the same as those shown in FIG. 7, while in the case where a TN 
liquid crystal is driven, these are the same as those shown in FIG. 8. 

20 That is to say, if the liquid crystal display device shown in FIG. 10 is used, then 

as with the second embodiment, the fluctuations of the pixel voltage Vpix accompanying 
the response of the liquid crystal can be eliminated, enabling a desired gradation to be 
obtained for each one field. 

Moreover, with the liquid crystal display device shown in FIG. 10, the 

25 construction is such that the scanning voltage is used as the power supply for the first p- 
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type MOS transistor (Qpl) 1002 which operates as an analog amplifier, and as the reset 
power supply, and resetting of the amplifier is performed by the first p-type MOS 
transistor (Qpl) 1002 itself. Therefore wiring and circuits such as a power supply lead, a 
reset power supply lead and a reset switch, become unnecessary. As a result, the analog 
5 amplifier can be constructed with a smaller area than heretofore, giving a high aperture 
efficiency so that a noticeable effect is obtained. 

Furthermore, with the abovementioned embodiment, it was noted that the n-type 
MOS transistor (Qn) 1001 and the first and second p-type MOS transistors (Qpl) 1002 
p and (Qp2) 1003 were formed from p-SiTFTs. However these may be formed from other 

py 10 toin f ilm transistors such as a-SiTFTs or CdSeTFTs. Moreover these may be formed 

□ from single crystal silicon transistors. 

Lff 

When the above described liquid crystal display device and drive method of the 
L third embodiment is applied to a liquid crystal display device with a time division 

r7 driving method which switches the color of the incident light in one field (one frame) 

: 5 z 

yjj 15 period to perform color display, good color reproduction and high gradation display can 

be realized. This is because of the characteristic that even in the case where the liquid 
crystal display device of the present invention drives a high speed liquid crystal such as a 
ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
OCB mode liquid crystal which responds within one field period, fluctuations do not 

20 occur in the pixel voltage accompanying the response of the liquid crystal, and hence a 
desired gradation display can be performed for each one field (one frame) period. At this 
time, for liquid crystal material, a thresholdless antiferroelectric liquid crystal is used. 

A fourth embodiment of the present invention will now be described in detail 
with reference to the figures. FIG. 12 is a diagram showing a fourth embodiment of a 

25 liquid crystal display device of the present invention. As shown in the figure, the liquid 
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crystal display device of the present invention comprises: an n-type MOS transistor (Qn) 
1001 with a gate electrode connected to a scanning line 101, and one of a source 
electrode and a drain electrode connected to a signal line 102; a first p-type MOS 
transistor (Opl) 1002 with a gate electrode connected to the other of the source electrode 
5 and the drain electrode of the n-type MOS transistor (Qn) 1001, and one of a source 
electrode and a drain electrode connected to the scanning line 101, and the other of the 
source electrode and the drain electrode connected to a pixel electrode 107; a voltage 
holding capacitor 106 formed between the gate electrode of the first p-type MOS 
transistor (Opl) 1002 and a voltage holding capacitor electrode 105; a second p-type 

10 MOS transistor (Qp2) 1003 with a gate electrode connected to the voltage holding 

capacitor electrode 105, a source electrode connected to a source power supply VS 1201, 
and a drain electrode connected to the pixel electrode 107; and a liquid crystal 109 which 
is to be switched, disposed between the pixel electrode 107 and an opposing electrode 
108. Here the n-type MOS transistor (Qn) 1001 and the first and second p-type MOS 

15 transistors (Qpl) 1002 and (Qp2) 1003 are constituted by p-SiTFTs. 

The source power supply VS 1201 for supply to the source electrode of the 
second p-type MOS transistor (Qp2) 1003, is set so that the source-drain resistance Rdsp 
of the second p-type MOS transistor (Qp2) 1003 becomes less than or equal to the value 
of the resistance component which determines the response time constant of the liquid 

20 crystal. That is, the resistances Rr, Rsp in the liquid crystal equivalent circuit shown in 
FIG. 60 and FIG. 62, and the source-drain resistance Rdsp, have the relation shown by 
the previous equation (3). For example, in the case when the resistance Rsp is 5 G Q , 
then a source power supply VS 1201 such that the source-drain resistance Rdsp does not 
exceed 1 GQ is supplied. The operating point for the second p-type MOS transistor 
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(Qp2) 1003 is the same as the operating point shown in FIG. 11. That is, with the 
example in the figure, the gate-source voltage (VCH-VS) of the second p-type MOS 
transistor (Qp2) 1003 is set to around -3V. For example, the voltage holding capacitor 
voltage VCH is set to 17V, and VS is set to 20V. As a result, when the drain current of 
the second p-type MOS transistor (Qp2) 1003 becomes around 1E-8 (A) and the source- 
drain voltage Vdsp is -10V, then the source-drain resistance Rdsp becomes 1GQ. 
Furthermore, even if the second p-type MOS transistor (Qp2) 1003 is operated in the 
weakly inverted region with the source-drain voltage Vdsp changing from -2 to -14V, the 
drain current is approximately constant. The second p-type MOS transistor (Qp2) 1003 
is operated as the bias current power supply for the case where the first p-type MOS 
transistor (Opl) 1002 is operated as an analog amplifier. 

The above described drive method for the liquid crystal display device of the 
fourth embodiment shown in FIG. 12 is the same as the drive method for the liquid 
crystal display device of the second and third embodiments shown beforehand. That is, 
in the case where a high speed liquid crystal such as a ferroelectric liquid crystal having 
polarization, an antiferroelectric liquid crystal, or an OCB mode liquid crystal which 
responds within one field period, is driven, the pixel voltage Vpix and the liquid crystal 
light transmittance are the same as those shown in FIG. 7, while in the case where a TN 
liquid crystal is driven, these are the same as those shown in FIG. 8. 

That is to say, if the liquid crystal display device shown in FIG. 12 is used, then 
as with the second and third embodiments, the fluctuations of the pixel voltage Vpix 
accompanying the response of the liquid crystal can be eliminated, enabling a desired 
gradation to be obtained for each one field. 

Moreover, with the liquid crystal display device shown in FIG. 12, the 
construction is such that the scanning voltage is used as the power supply for the first p- 
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type MOS transistor (Qpl) 1002 which operates as an analog amplifier, and as the reset 
power supply, and resetting of the amplifier is performed by the first p-type MOS 
transistor (Qpl) 1002 itself. Therefore wiring and circuits such as a power supply lead, a 
reset power supply lead and a reset switch, become unnecessary. As a result, the analog 
amplifier can be constructed with a smaller area than heretofore, giving a high aperture 
efficiency so that a noticeable effect is obtained. 

Furthermore, with the abovementioned embodiment, it was noted that the n-type 
MOS transistor (Qn) 1001 and the first and second p-type MOS transistors (Qpl) 1002 
and (Qp2) 1003 were formed from p-SiTFTs. However these may be formed from other 
thin film transistors such as a-SiTFTs or CdSeTFTs. Moreover these may be formed 
from single crystal silicon transistors. 

When the above described liquid crystal display device and drive method of the 
fourth embodiment is applied to a liquid crystal display device with a time division 
driving method which switches the color of the incident light in one field (one frame) 
period to perform color display, good color reproduction and high gradation display can 
be realized. This is because of the characteristic that even in the case where the liquid 
crystal display device of the present invention drives a high speed liquid crystal such as a 
ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
OCB mode liquid crystal which responds within one field period, fluctuations do not 
occur in the pixel voltage accompanying the response of the liquid crystal, and hence a 
desired gradation display can be performed for each one field (one frame) period. At this 
time, for liquid crystal material, a thresholdless antiferroelectric liquid crystal is used. 

A fifth embodiment of the present invention will now be described in detail with 
reference to the figures. FIG. 13 is a diagram showing a fifth embodiment of a liquid 
crystal display device of the present invention. As shown in the figure, the liquid crystal 
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display device of the present invention comprises: an n-type MOS transistor (Qn) 1001 
with a gate electrode connected to a scanning line 101, and one of a source electrode and 
a drain electrode connected to a signal line 102; a first p-type MOS transistor (Qpl) 1002 
with a gate electrode connected to the other of the source electrode and the drain 
5 electrode of the n-type MOS transistor (Qn) 1001, and one of a source electrode and a 
drain electrode connected to the scanning line 101, and the other of the source electrode 
and the drain electrode connected to a pixel electrode 107; a voltage holding capacitor 
106 formed between the gate electrode of the first p-type MOS transistor (Qpl) 1002 and 
q a voltage holding capacitor electrode 105; a second p-type MOS transistor (Qp2) 1003 

?y 10 with a gate electrode and a source electrode connected to the voltage holding capacitor 

■- 

Q electrode 105 and a drain electrode connected to the pixel electrode 107; and a liquid 

y 3 

Nl crystal 109 which is to be switched, disposed between the pixel electrode 107 and an 

!L opposing electrode 108. Here the n-type MOS transistor (Qn) 1001 and the first and 

J second p-type MOS transistors (Qpl) 1002 and (Qp2) 1003 are constituted by p-SiTFTs. 

Lii 

~f> 15 Furthermore, since the gate electrode and the source electrode of the second p-type 

MOS transistor (Qp2) 1003 are both connected to the voltage holding capacitor electrode 
105, then the gate-source voltage Vgsp of the second p-type MOS transistor (Qp2) 1003 
becomes 0V. Under this bias condition, so that the source-drain resistance Rdsp of the 
second p-type MOS transistor (Qp2) 1003 satisfies the beforementioned equation (3), 

20 the threshold value voltage of the second p-type MOS transistor (Qp2) 1003 is shift 
controlled to the positive side by channel-dose. FIG. 14 shows the drain current-gate 
voltage characteristics of the second p-type MOS transistor (Qp2) 1003, and the 
operating point. As shown in the figure, the threshold value voltage is shift controlled to 
the positive side by channel-dose so that when the gate-source voltage is 0V, the drain 

25 current becomes approximately 1E-8 (A). As a result, when the drain current of the 
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second p-type MOS transistor (Qp2) 1003 becomes around 1E-8 (A) and the source- 
drain voltage Vdsp is -10V, then the source-drain resistance Rdsp becomes 1GQ. 
Furthermore, even if the second p-type MOS transistor (Qp2) 1003 is operated in the 
weakly inverted region with the source-drain voltage Vdsp changing from -2 to -14V, the 
drain current is approximately constant. The second p-type MOS transistor (Qp2) 1003 
is operated as the bias current power supply for the case where the first p-type MOS 
transistor (Qpl) 1002 is operated as an analog amplifier. 

With the fifth embodiment, the bias power supply VB 1004, and the source power 
supply VS 1201 necessary in the third and fourth embodiments are not necessary. 
However a channel-dose forming step is additionally required. 

The above described drive method for the liquid crystal display device of the fifth 
embodiment shown in FIG. 13 is the same as the drive method for the liquid crystal 
display device of the second through fourth embodiments shown beforehand. That is, in 
the case where a high speed liquid crystal such as a ferroelectric liquid crystal having 
polarization, an antiferroelectric liquid crystal, or an OCB mode liquid crystal which 
responds within one field period, is driven, the pixel voltage Vpix and the liquid crystal 
light transmittance are the same as those shown in FIG. 7, while in the case where a TN 
liquid crystal is driven, these are the same as those shown in FIG. 8. 

That is to say, if the liquid crystal display device shown in FIG. 13 is used, then 
as with the second through fourth embodiments, the fluctuations of the pixel voltage 
Vpix accompanying the response of the liquid crystal can be eliminated, enabling a 
desired gradation to be obtained for each one field. 

Moreover, with the liquid crystal display device shown in FIG. 13, the 
construction is such that the scanning voltage is used as the power supply for the first p- 
type MOS transistor (Qpl) 1002 which operates as an analog amplifier, and as the reset 
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power supply, and resetting of the amplifier is performed by the first p-type MOS 
transistor (Qpl) 1002 itself. Therefore wiring and circuits such as a power supply lead, a 
reset power supply lead and a reset switch, become unnecessary. As a result, the analog 
amplifier can be constructed with a smaller area than heretofore, giving a high aperture 
5 efficiency so that a noticeable effect is obtained. 

Furthermore, with the abovementioned embodiment, it was noted that the n-type 
MOS transistor (Qn) 1001 and the first and second p-type MOS transistors (Qpl) 1002 
and (Qp2) 1003 were formed from p-SiTFTs. However these may be formed from other 

^ thin film transistors such as a-SiTFTs or CdSeTFTs. Moreover these may be formed 

m 10 from single crystal silicon transistors. 

Q When the above described liquid crystal display device and drive method of the 

; pa 

^ fifth embodiment is applied to a liquid crystal display device with a time division driving 

L. method which switches the color of the incident light in one field (one frame) period to 

perform color display, good color reproduction and high gradation display can be 
[q 15 realized. This is because of the characteristic that even in the case where the liquid 

crystal display device of the present invention drives a high speed liquid crystal such as a 
ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
OCB mode liquid crystal which responds within one field period, fluctuations do not 
occur in the pixel voltage accompanying the response of the liquid crystal, and hence a 
20 desired gradation display can be performed for each one field (one frame) period. At this 
time, for liquid crystal material, a thresholdless antiferroelectric liquid crystal is used. 

A sixth embodiment of the present invention will now be described in detail with 
reference to the figures. FIG. 15 is a diagram showing a sixth embodiment of a liquid 
crystal display device of the present invention. As shown in the figure, the liquid crystal 
25 display device of the present invention comprises: a p-type MOS transistor (Qp) 1501 
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with a gate electrode connected to a scanning line 101, and one of a source electrode and 
a drain electrode connected to a signal line 102; an n-type MOS transistor (Qn) 1502 
with a gate electrode connected to the other of the source electrode and the drain 
electrode of the p-type MOS transistor (Qp) 1501, and one of a source electrode and a 
drain electrode connected to the scanning line 101, and the other of the source electrode 
and the drain electrode connected to a pixel electrode 107; a voltage holding capacitor 
106 formed between the gate electrode of the n-type MOS transistor (Qn) 1502 and a 
voltage holding capacitor electrode 105; a resistor RL 1503 connected between the pixel 
electrode 107 and the voltage holding capacitor electrode 105; and a liquid crystal 109 
which is to be switched, disposed between the pixel electrode 107 and an opposing 
electrode 108. Here the p-type MOS transistor (Qp) 1501 and the n-type MOS transistor 
(Qn) 1502 are constituted by p-SiTFTs. 

Moreover, the value of the resistor RL 1503 is set to less than or equal to the 
value of the resistance component which determines the response time constant of the 
liquid crystal. That is, the resistances Rr, Rsp in the liquid crystal equivalent circuit 
shown in FIG. 60 and FIG. 62, and the value of the resistor RL 1503, have the relation 
shown by the previously mentioned equation (1). 

For example, in the case when the resistance Rsp is 5 G Q , then the value of the 
resistor RL 1503 is set to a value of around 1 G Q . A value of 1 G Q which is a large 
resistance not used in normal semiconductor integrated circuits, is formed from a 
semiconductor thin film or a semiconductor thin film which has been doped with 
impurities, as with the second embodiment. 

FIG. 16 shows a structural example for the case where the resistor RL 1503 is 
formed from a lightly doped n-type semiconductor thin film (n-). In FIG. 16, the 
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construction of an n-type p-SiTFT 1601 is also shown. As shown in the figure, one of 
the source and the drain electrodes of the n-type p-SiTFT 1601 is connected to the 
scanning line 101, and the other is connected to the pixel electrode 107. Here with the n- 
layer 602 portion which forms the resistor, the amount of impurity doping, and the 
5 length and width are designed so that the conditions shown in equation (1) are satisfied. 
Moreover, the n-type p-SiTFT 1601 has a lightly doped drain (referred to hereunder as 
an LDD) construction for high voltage endurance. In order to simplify the production 
process, the step of forming the LDD of the p-SiTFT 1601 and the step of forming the 
^ resistor RL (n-) are performed at the same time. 

SI 10 Next, an example of where the resistor RL is formed from a semiconductor thin 

Q film (i layer) 501 which has not been doped with impurities is shown in FIG. 17. Here 

SJ the length and width of the i layer 501 forming the resistor are designed so that equation 

^ (1) is satisfied. Furthermore, in the case where the i layer 501 is used as the resistor RL, 

HF then as shown in the figure, an n-type lightly doped n- layer 602 is formed between a 

15 source-drain electrode (n+) 601 on the side of the n-type p-SiTFT 1601 which is 

connected to the pixel electrode 107, and the resistor RL (i layer) 501. This is because if 
the n+ layer and the i layer are contacted, an extremely high short key resistance is 
formed, and a resistance satisfying equation (1) can no longer be formed on the small 
area. Similarly, an n- layer 602 is formed between the n+ electrode 601 connected to the 
20 voltage holding capacitor electrode 105, and the i layer 501. 

Next, an example for the case where the resistor RL is formed from a p-type 
semiconductor thin film (p-) which has been lightly doped is shown in FIG. 18. Here 
with the portion of the p- layer 404 which forms the resistor, the amount of impurity 
doping, and the length and width are designed so that the conditions shown in equation 
25 (1) are satisfied. In the case where the source-drain electrode (n+ layer) 601 of the n- 
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type p-SiTFT 1601, and the p- layer 404 are connected, then as shown in the figure, the 
n+ layer 601 and the p+ layer 403 are connected through the metal layer 406, and the p+ 
layer 403 is contacted with the p- layer 404. 

In the above, the description has been for the case where the resistor RL 1503 
shown in FIG. 15 is formed from a semiconductor thin film or a semiconductor thin film 
doped with impurities. However provided the resistance satisfies equation (1), then 
other materials may be employed. 

As follows is a description of the drive method for the liquid crystal display 
device using the pixel construction shown in FIG.-15. FIG. 19 shows the timing chart, 
and the change in light transmittance of the liquid crystal, for a gate scanning voltage Vg, 
a data signal voltage Vd, a gate voltage Va of the n-type MOS transistor (Qn) 1502, and 
a pixel voltage Vpix, for the case where a high speed liquid crystal such as a ferroelectric 
liquid crystal having polarization, an antiferroelectric liquid crystal, or an OCB mode 
liquid crystal which responds within one field period, is driven by the pixel construction 
shown in FIG. 15. Here the example is given for when the liquid crystal operates in a 
normally black mode, becoming dark when a voltage is not applied. As shown in the 
figure, due to the gate scanning voltage Vg in the horizontal scanning period becoming a 
low level VgL, the p-type MOS transistor (Qp) 1501 comes on, and the data signal Vd 
input to the signal line is transferred to the gate electrode of the n-type MOS transistor 
(Qn) 1502 through the p-type MOS transistor (Qp) 1501. On the other hand, in the 
horizontal scanning period, the pixel electrode 107 attains the reset state due to the gate 
scanning voltage VgL being transferred through the n-type MOS transistor (Qn) 1502. 
Here as described below, the n-type MOS transistor (Qn) 1502 operates as a source 
follower type analog amplifier, after the horizontal scanning period is completed. 
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However due to the pixel voltage Vpix becoming VgL in the horizontal scanning period, 
the resetting of the n-type MOS transistor (Qn) 1502 is performed at the same time. 

When the horizontal scanning period is completed and the gate scanning voltage 
Vg becomes a high level, the p-type MOS transistor (Op) 1501 goes off, and the data 
signal transferred to the gate electrode of the n-type MOS transistor (Qn) 1502 is held by 
the voltage holding capacitor 105. At this time, with the gate input voltage Va of the n- 
type MOS transistor, at the time when the p-type MOS transistor (Qp) 1501 goes off, a 
voltage shift referred to as a feed-through voltage occurs through the capacitance 
between the gate and the source of the p-type MOS transistor (Qp) 1501. In FIG. 19 this 
is shown by Vf 1, Vf2 and Vf3. The amount of this voltage shift Vfl, Vf2 and Vf3 can 
be made smaller by designing the value for the voltage holding capacitor 105 to be large. 
The gate input voltage Va of the n-type MOS transistor (Qn) 1502 is held until the gate 
scanning voltage Vg again becomes a low level in the subsequent field period and the p- 
type MOS transistor (Qp) 1501 is selected. On the other hand, the n-type MOS transistor 
(Qn) 1502, on completion of resetting in the horizontal scanning period, operates as a 
source follower type analog amplifier with the pixel electrode 107 as the source 
electrode. At this time, in order to operate the n-type MOS transistor (Qn) 1502 as an 
analog amplifier, a voltage at least lower than (Vdmin-Vtn) is supplied to the voltage 
holding capacitor electrode 105. Here Vdmin is the minimum value of the data signal 
voltage Vd, while Vtn is the threshold value voltage of the n-type MOS transistor (Qn) 
1502. The n-type MOS transistor (Qn) 1502, during the period in the subsequent field 
up until the gate scanning voltage becomes VgL to thus execute reset, can output an 
analog gradation voltage corresponding to the held gate input voltage Va. This output 
voltage changes depending on the transconductance gmn of the n-type MOS transistor 



-69- 

(Qn) 1502, and the value of the resistor RL 1503, however it is generally represented by 
the following equation: 

Vpix = Va - Vtn (4) 

Here Vtn is normally a positive value, and hence as shown in FIG. 19, the pixel 
voltage Vpix becomes a voltage which is lower than Va by the threshold value voltage of 
the n-type MOS transistor (Qn) 1502. 

In this way, the fluctuations in the pixel voltage Vpix accompanying the response 
of the liquid crystal as discussed for the conventional technology can be eliminated, and 
as also shown by the liquid crystal light transmittance in FIG. 19, it becomes possible to 
obtain a desired gradation for each one field. 

Furthermore, with the liquid crystal display device of the present invention, the 
construction is such that the scanning voltage is used as the power supply for the n-type 
MOS transistor (Qn) 1502 which operates as an analog amplifier, and as the reset power 
supply, and resetting of the amplifier is performed by the n-type MOS transistor (Qn) 
1502 itself. Therefore wiring and circuits such as a power supply lead, a reset power 
supply lead and a reset switch, become unnecessary. As a result, the analog amplifier 
can be constructed with a smaller area than heretofore, giving a high aperture efficiency 
so that a noticeable effect is obtained. 

Furthermore, with the abovementioned embodiment, it was noted that the p-type 
MOS transistor (Qp) 1501 and the n-type MOS transistor (Qn) 1502 were formed from 
p-SiTFTs. However these may be formed from other thin film transistors such as a- 
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SiTFTs or CdSeTFTs. Moreover these may be formed from single crystal silicon 
transistors. 

Next is a description of a method of driving a TN liquid crystal using the liquid 
crystal display device of the present invention shown in FIG. 15. FIG. 20 shows the 
timing chart, and the change in light transmittance of the liquid crystal, for a gate 
scanning voltage Vg, a data signal voltage Vd, a gate voltage Va of the n-type MOS 
transistor (Qn) 1502, and a pixel voltage Vpix, for this case. Here the example is given 
for when the liquid crystal operates in a normally white mode, becoming bright when a 
voltage is not applied. Furthermore, for the data signal Vd, the example is given for 
where a signal voltage for creating a bright state over several fields is applied. The drive 
method is the same as for the one shown in the beforementioned FIG. 19. With the TN 
liquid crystal, since the response time is around several tens of msec to lOOmec, then as 
shown in FIG. 20, the TN liquid crystal undergoes a transition to the bright state over 
several fields. During this time, the liquid crystal capacitance changes due to the 
molecules of the TN liquid crystal switching. With the conventional liquid crystal 
display device, as shown in the beforementioned FIG. 61, the pixel voltage Vpix 
fluctuates, and hence the inherent liquid crystal light transmittance TO cannot be 
obtained. On the other hand, with the liquid crystal display device of the present 
invention, the n-type MOS transistor (Qn) 1502 operates as an amplifier, and hence a 
constant voltage can be applied continuously to the liquid crystal 109 without being 
influenced by changes in the capacitance of the TN liquid crystal. Therefore the inherent 
light transmittance can be obtained, and accurate gradation display can be performed. 

Next is a description of the change of the pixel voltage Vpix when the value of 
the resistor RL 1503 is changed, in the liquid crystal display device of the present 
invention shown in FIG. 15. FIG. 21 shows aspects of the change of the pixel voltage 
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Vpix for the case where the value of the resistor RL 1503 in FIG. 15 is changed with 
respect to the liquid crystal resistance Rsp in FIG. 62, to (1) Rsp/4, (2) Rsp and (3) 2 x 
Rsp. As shown in the figure, in the case where the value of the resistor RL 1503 is 
greater than that of the liquid crystal resistance Rsp ((3)), the pixel voltage Vpix shows a 
large fluctuation in the field in which a negative polarity signal is written. On the other 
hand, in the case where the value of the resistor RL 1503 is less than or equal to that of 
the liquid crystal resistance Rsp ((1),(2)), the fluctuation in the pixel voltage Vpix is 
practically gone. In the case where the value of the resistor RL 1503 is the same as that 
of the liquid crystal resistance Rsp ((2)), only a slight fluctuation is observed, and since 
the period of this fluctuation is extremely short compared to the period of one field, it 
has no influence on performing gradation display control. 

Due to the above described reasons, in the liquid crystal display device shown in 
FIG. 15, the resistor RL 1503 is designed so that the conditions shown in equation (1) 
are satisfied. In practice, the value of the resistor RL 1503 is determined taking into 
consideration the fluctuation amount of the pixel voltage Vpix, and the power 
consumption. In order to reduce power consumption, it is desirable to design the value 
of the resistor RL 1503 so as to be as large as possible within the range where the 
fluctuations of the pixel voltage Vpix do not exert an influence on the liquid crystal light 
transmittance. 

When the above described liquid crystal display device and drive method of the 
sixth embodiment is applied to a liquid crystal display device with a time division 
driving method which switches the color of the incident light in one field (one frame) 
period to perform color display, good color reproduction and high gradation display can 
be realized. This is because of the characteristic that even in the case where the liquid 
crystal display device of the present invention drives a high speed liquid crystal such as a 
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ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
OCB mode liquid crystal which responds within one field period, fluctuations do not 
occur in the pixel voltage accompanying the response of the liquid crystal, and hence a 
desired gradation display can be performed for each one field (one frame) period. At this 
time, for liquid crystal material, a thresholdless antiferroelectric liquid crystal is Used. 

A seventh embodiment of the present invention will now be described in detail 
with reference to the figures. FIG. 22 is a diagram showing a seventh embodiment of a 
liquid crystal display device of the present invention. As shown in the figure, the liquid 
crystal display device of the present invention comprises: a p-type MOS transistor (Qp) 
2201 with a gate electrode connected to a scanning line 101, and one of a source 
electrode and a drain electrode connected to a signal line 102; a first n-type MOS 
transistor (Qnl) 2202 with a gate electrode connected to the other of the source electrode 
and the drain electrode of the p-type MOS transistor (Qp) 2201, and one of a source 
electrode and a drain electrode connected to the scanning line 101, and the other of the 
source electrode and the drain electrode connected to a pixel electrode 107; a voltage 
holding capacitor 106 formed between the gate electrode of the first n-type MOS 
transistor (Qnl) 2202 and a voltage holding capacitor electrode 105; a second n-type 
MOS transistor (Qn2) 2203 with a gate electrode connected to a bias power supply VB, a 
source electrode connected to the voltage holding capacitor electrode 105, and a drain 
electrode connected to the pixel electrode 107; and a liquid crystal 109 which is to be 
switched, disposed between the pixel electrode 107 and an opposing electrode 108. Here 
the p-type MOS transistor (Qp) 2201 and the first and second n-type MOS transistors 
(Qnl) 2202 and (Qn2) 2203 are constituted by p-SiTFTs. The bias power supply VB 
2204 for supply to the gate electrode of the second n-type MOS transistor (Qn2) 2203, is 
set so that a source-drain resistance Rdsn of the second n-type MOS transistor (Qn2) 



-73- 

2203 becomes less than or equal to the value of the resistance component which 
determines the response time constant of the liquid crystal. That is, the resistances Rr, 
Rsp in the liquid crystal equivalent circuit shown in FIG. 60 and FIG. 62, and the source- 
drain resistance Rdsn have the relation shown by the following equation: 

Rdsn % Rr, Rdsn = Rsp (5) 

For example, in the case when the resistance Rsp is 5 G Q , then a bias power 
supply VB 2204 such that the source-drain resistance Rdsn does not exceed 1 GQ is 
supplied. FIG. 23 shows the drain current-gate current characteristics of the second n- 
type MOS transistor (Qn2) 2203, and the operating point. With the example in the 
figure, the gate-source voltage (VB-VCH) of the second n-type MOS transistor (Qn2) 
2203 is set to around 3V. For example, the voltage holding capacitor voltage VCH is set 
to 0V, and VB is set to 3V. As a result, when the drain current of the second n-type 
MOS transistor (Qn2) 2203 becomes around 1E-8 (A) and the source-drain voltage Vdsn 
is 10V, then the source-drain resistance Rdsn becomes 1 GQ . Furthermore, even if the 
second n-type MOS transistor (Qn2) 2203 is operated in the weakly inverted region with 
the source-drain voltage Vdsn changing from 2 to 14V, the drain current is 
approximately constant. The second n-type MOS transistor (Qn2) 2203 is operated as 
the bias current power supply for the case where the first n-type MOS transistor (Qnl) 
2202 is operated as an analog amplifier. 

The above described drive method for the liquid crystal display device of the 
seventh embodiment shown in FIG. 22 is the same as the drive method for the liquid 
crystal display device of the sixth embodiment shown beforehand in FIG. 15. That is, in 
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period to perform color display, good color reproduction and high gradation display can 
be realized. This is because of the characteristic that even in the case where the liquid 
crystal display device of the present invention drives a high speed liquid crystal such as a 
ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
OCB mode liquid crystal which responds within one field period, fluctuations do not 
occur in the pixel voltage accompanying the response of the liquid crystal, and hence a 
desired gradation display can be performed for each one field (one frame) period. At this 
time, for liquid crystal material, a thresholdless antiferroelectric liquid crystal is used. 

An eighth embodiment of the present invention will now be described in detail 
with reference to the figures. FIG. 24 is a diagram showing an eighth embodiment of a 
liquid crystal display device of the present invention. As shown in the figure, the liquid 
crystal display device of the present invention comprises: a p-type MOS transistor (Qp) 
2201 with a gate electrode connected to a scanning line 101, and one of a source 
electrode and a drain electrode connected to a signal line 102; a first n-type MOS 
transistor (Qnl) 2202 with a gate electrode connected to the other of the source electrode 
and the drain electrode of the p-type MOS transistor (Qp) 2201, and one of a source 
electrode and a drain electrode connected to the scanning line 101, and the other of the 
source electrode and the drain electrode connected to a pixel electrode 107; a voltage 
holding capacitor 106 formed between the gate electrode of the first n-type MOS 
transistor (Qnl) 2202 and a voltage holding capacitor electrode 105; a second n-type 
MOS transistor (Qn2) 2203 with a gate electrode connected to the voltage holding 
capacitor electrode 105, a source electrode connected to a source power supply VS 2401, 
and a drain electrode connected to the pixel electrode 107; and a liquid crystal 109 which 
is to be switched, disposed between the pixel electrode 107 and an opposing electrode 
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108. Here the p-type MOS transistor (Qp) 2201 and the first and second n-type MOS 
transistors (Qnl) 2202 and (Qn2) 2203 are constituted by P -SiTFTs. 

The source power supply VS 2401 for supply to the source electrode of the 
second n-type MOS transistor (Qn2) 2203, is set so that the source-drain resistance Rdsn 
of the second n-type MOS transistor (Qn2) 2203 becomes less than or equal to the value 
of the resistance component which determines the response time constant of the liquid 
crystal. That is, the resistances Rr, Rsp in the liquid crystal equivalent circuit shown in 
FIG. 60 and FIG. 62, and the source-drain resistance Rdsn, have the relation shown by 
the previous equation (5). For example, in the case when the resistance Rsp is 5 G Q , 
then a source power supply VS 2401 such that the source-drain resistance Rdsn does not 
exceedlGQ is supplied. The operating point for the second n-type MOS transistor 
(Qn2) 2203 is the same as the operating point shown in FIG. 23. That is, with the 
example in the figure, the gate-source voltage (VCH- VS) of the second n-type MOS 
transistor (Qn2) 2203 is set to around 3V. For example, the voltage holding capacitor 
voltage VCH is set to 3V, and VS is set to 0V. As a result, when the drain current of the 
second n-type MOS transistor (Qn2) 2203 becomes around 1E-8 (A) and the source- 
drain voltage Vdsn is 10V, then the source-drain resistance Rdsn becomes 1 G Q . 
Furthermore, even if the second n-type MOS transistor (Qn2) 2203 is operated in the 
weakly inverted region with the source-drain voltage Vdsn changing from 2 to 14V, the 
0 drain current is approximately constant. The second n-type MOS transistor (Qn2) 2203 
is operated as the bias current power supply for the case where the first n-type MOS 
transistor (Qnl) 2202 is operated as an analog amplifier. 

The above described drive method for the liquid crystal display device of the 
eighth embodiment shown in FIG. 24 is the same as the drive method for the liquid 
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crystal display device of the sixth and seventh embodiments shown beforehand. That is, 
in the case where a high speed liquid crystal such as a ferroelectric liquid crystal having 
polarization, an antiferroelectric liquid crystal, or an OCB mode liquid crystal which 
responds within one field period, is driven, the pixel voltage Vpix and the liquid crystal 
5 light transmittance are the same as those shown in FIG. 19, while in the case where a TN 
liquid crystal is driven, these are the same as those shown in FIG. 20. 

That is to say, if the liquid crystal display device shown in FIG. 24 is used, then 
as with the sixth and seventh embodiments, the fluctuations of the pixel voltage Vpix 
accompanying the response of the liquid crystal can be eliminated, enabling a desired 
10 gradation to be obtained for each one field. 

Moreover, with the liquid crystal display device shown in FIG. 24, the 
construction is such that the scanning voltage is used as the power supply for the first n- 
type MOS transistor (Qnl) 2202 which operates as an analog amplifier, and as the reset 
power supply, and resetting of the amplifier is performed by the first n-type MOS 
15 transistor (Qnl) 2202 itself. Therefore wiring and circuits such as a power supply lead, a 
reset power supply lead and a reset switch, become unnecessary. As a result, the analog 
amplifier can be constructed with a smaller area than heretofore, giving a high aperture 
efficiency so that a noticeable effect is obtained. 

Furthermore, with the abovementioned embodiment, it was noted that the p-type 
20 MOS transistor (Qp) 2201 and the first and second n-type MOS transistors (Qnl) 2202 
and (Qn2) 2203 were formed from p-SiTFTs. However these may be formed from other 
thin film transistors such as a-SiTFTs or CdSeTFTs. Moreover these may be formed 
from single crystal silicon transistors. 

When the above described liquid crystal display device and drive method of the 
25 eighth embodiment is applied to a liquid crystal display device with a time division 
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driving method which switches the color of .he incident light in one field (one frame) 
period to perform color display, good color reproduction and high gradation dispiay can 
he realized. This is becanse of the characteristic that even in the case where the liqnid 
crystal display device of .he present invention drives a high speed liquid crysta! such as a 
ferroelectric liquid crystal having polarization, an an.iferroelec.ric liquid crystal, or an 
OCB mode liquid crys.a. which responds within one field period, fh.aua.ions do no. 
occur in the pixel vohage accompanying the response of the liquid crystal, and hence a 
desired gradation display can be performed for each one field (one frame) period. A. this 
rime, for liquid crystal material, a thresholdless an.iferroelec.ric liquid crystal is used. 

A ninth embodiment of the present invention will now be described in detail with 
reference ,0 ,he figures. FIG. 25 is a diagram showing a ninth embodiment of a liquid 
crystal display device of .he presen. invention. As shown in the figure, the liquid crystal 
display device of the present invention comprises: a p-.ype MOS transistor (Op) 220! 
with a gate electrode connected .o a scanning line 101, and one of a source electrode and 
a drain electrode connected to a signal line 102; a first n-.ype MOS transistor (Qnl) 2202 
with a gate electtode connected to the other of .he source electrode and the drain 
electrode of me p-.ype MOS transistor (Qp) 2201, and one of a source electrode and a 
drain electrode connected to the scanning line 101, and the other of Ore source electrode 
and .he drain electtode connected «o a pixel electrode 107; a voltage holding capacitor 
0 106 formed between me gate electrode of ,he firs, n-.ype MOS transistor (Qnl) 2202 and 
a voltage holding capacitor electtode 105; a second n-type MOS transistor (Qn2) 2203 
wi.h a gate electtode and a source electtode connected to the voltage holding capacitor 
electrode 105, and a drain electtode connected to the pixel electrode 107; and a Hquid 
crystal 109 which is to be switched, disposed between the pixel electrode 107 and an 
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oppose electrode XOS. Here the p- ty pe MOS transistor (Qp) 220! and ,he fns, a„a 
second n-.ype MOS transistots (Qui) 2202 and <Qn2) 2203 are — ed by p-S,TFTs. 

lype MOS — (Qn2) 2203 are both eonnee,ed to .he voltage holding capacitor 
electrode 105, .Ken Ore gate-source voltage Vgsn o £ the seeond ,.ype MOS transistor 
(Q „2) 2203 beeon.es OV. Under this Was condition, so .ha. rhe source-drain resist 
Rd sn of ,he second n-.ype MOS .ransisror (Qn2) 2203 satisfies Ore beforementroned 
equation (5), Ore threshold value voltage of .he second n-fype MOS transistor (Q„2) 
2203 is shif. — d .0 the negarive side by channd-dose. BO. 26 shows the drain 
, current-gate voUage charac.eHs.ics of .he seeond n-type MOS rransi,or (Qn2, 2203, and 
the operating point. As shown in the figure, .he thresho.d va.ne voltage is shift 
polled to .he negative side b, change so .ha. when .he ga.e-so.rrce voUage rs 

1 p a (A\ As a result, when the drain 
OV, the drain current becomes approximately 1E-8 (A). As 

» ♦ MOS transistor (Qn2) 2203 becomes around 1E-8 (A) and 
current of the second n-type MOS transistor 

. , J -1 nv then the source-drain resistance Rdsn becomes 1 
15 the source-drain voltage Vdsn is 10V, then the source or 

GQ . Fnr.hern.ore, even if .he second n-.ype MOS .ransisror (Qn2) 2203 is operated in 
the weahly inverted region with the source-drain voltage Vdsn changing from 2 to !4V, 
.hc drain cnrren. is app.oxhna.ery cons.an, T,e second n-,ype MOS .ransis.0. (Qn2) 

20 MOS transistor (Qnl) 2202 is opera.=d as an analog amplifier. 

With .he ninlh embodiment me bias power snpply VB 2204, and me source 
power supply VS 250! necessary in the seventh and eighth embodiments are no. 
necessary. However a channel-dose forming s.ep is additionally quired. 

The above described drive method for me liquid crysul display device o, .he 
25 ninth embodiment shown in FIG. 25 is .he sante as the drive memod for the Htprid 
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efficiency so that a noticeable effect is obtained. 
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<5iTFTs However these may be formed from other 
and (Qn2) 2203 were formed from p-SiTFTs. Howe 

i. . ■ SiTFTs or CdSeTFTs. Moreover these may be formed 
thin film transistors such as a-SiTFTs or <^>ei 

from single crystal silicon transistors. 
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driving method which switches the color of the incident light in one field (one frame) 
period to perform color display, good color reproduction and high gradation display can 
be realized. This is because of the characteristic that even in the case where the liquid 
crystal display device of the present invention drives a high speed liquid crystal such as a 
ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
OCB mode liquid crystal which responds within one field period, fluctuations do not 
occur in the pixel voltage accompanying the response of the liquid crystal, and hence a 
desired gradation display can be performed for each one field (one frame) period. At this 
time, for liquid crystal material, a thresholdless antiferroelectric liquid crystal is used. 

A tenth embodiment of the present invention will now be described in detail with 
reference to the figures. FIG. 27 is a diagram showing a tenth embodiment of a liquid 
crystal display device of the present invention. As shown in the figure, the liquid crystal 
display device of the present invention comprises: an n-type MOS transistor (Qn) 2701 
with a gate electrode connected to an Nth (where N is an integer of two or more) 
scanning line 2705, and one of a source electrode and a drain electrode connected to a 
signal line 102; a p-type MOS transistor (Qp) 2702 with a gate electrode connected to 
the other of the source electrode and the drain electrode of the n-type MOS transistor 
(Qn) 2701, and one of a source electrode and a drain electrode connected to an (N-l)th 
scanning line 2704, and the other of the source electrode and the drain electrode 
connected to a pixel electrode 107; a voltage holding capacitor 106 formed between the 
gate electrode of the p-type MOS transistor (Qp) 2702 and a voltage holding capacitor 
electrode 105; a resistor RL 2703 connected between the pixel electrode 107 and the 
voltage holding capacitor electrode 105; and a liquid crystal 109 which is to be switched, 
disposed between the pixel electrode 107 and an opposing electrode 108. Here the n- 
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• , ron. 2701 and the p-type MOS transistor (Qp) 2702 are constituted 
type MOS transistor (Qn) 27U1 ana uie F yv 

by p-SiTFTs. 

Th e value of me resistor RL 2703, as wi,h the second embodiment is se, .0 .ess 
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have the relation shown by the previously mentioned equation (1). 
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a f^r *ho r^e where the resistor RL 2703 is 
,he construction and manufacturing method for the case whe 

■ a thin film In-) are the same as shown in FIG. 6. In 
formed from an n-type semtconduclor thtn film (n ) ar 
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As fo„ows is a description of the drive method for the liquid crys,al rUsp.a, 

aevice using the pixel construction shown in HO. 27. HO. 28 shows .he riming char,, 

a „d the change in Ugh. .ransmi.tance of .he liquid crys.al, for a gate scanning vohage Vg, 

. da.a signa, voUage Vd, a gate voKage Va of .he p-.ype MOS — r (Qp) 2702, and 
ap i xe 1 vo 1 ,geVp i rr,for. h ecasewhereah i ghspeed liq uidcr y s.a,suchasafe n Oe 1 ec.ric 

liauid crysla, having polarization, an an.iferroelec.ric liquid cr»s.al, or an OCB mode 

shown in FIG. 27. Here me examp.e is given for when .he liquid crystal operates in a 
normally black mode, becoming dark when a voltage is no, applied. 

As shown m ,he figure, in ,he period where me (N-l),h ga,e scanning voUage Vg 
<K-1) becomes a high level VgH, me pixel elecrrcfie 107 attains ,he rese, state due ,0 me 
gn* scamrlng vohage VgH being transferred through ,he p-,ype MOS rransistor (Qp) 
2702. Here as described below, me p-,ype MOS ,ransis,or (Qp) 2702 opem.es as a 

, -e ,h, selection period of the (N-l),h scanning 

source follower type analog amplrfier, after the selecfion pe 

U fineiscomplced. However due to fire pixel voUage Vpix becoming VgH 

selection period of fire (N-l)th scanning line, fire resetting of the p-type MOS transistor 

(Qp) 2702 is performed.. 

^en in the period where me Nth gate scanning voltage Vg <N) becomes a high 
lCT e, VgH, the n-.ype MOS transistor W 270! comes on, and the dam signal Vd inpu. 
20 to the signa, line is rransferred ,0 fire gate elecfiode of fire p-.ype MOS rransisror (Qp, 
2702,hrough , h en-.ypeMOS,mnsistor(Qn)2701. When fire horizon«al scannmg 
period is computed and .he gate scanning voltage Vg becomes a low .eve,, the n-.ype 
MOS transistor (Qn) 270, goes off, and fire dam signa, .ransferred ,0 fire gare eiectrode 
of fire p-.ype MOS transistor (Qp) 2702 is held by .he voltage homing capacitor At 
25 .his rime, with the gate inpu. voUage Va of .be p-rype MOS .ransistor (Qp, 2702, a. .he 
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ti me when * n-ype MOS transistor (Q») 2701 goes oft a voltage shift referred to as a 
through voltage occurs mrough .he capacitance between ,he g a,e and the source of 
,h. ,,ype MOS — (On) 270!. In FIG. 28 .his is shown by Vfl, V«2 and Vf3. 
The amount of .his voUage shift Vfl, Vf2 and Vf3 can be made smaUer by designing .he 

p ..ype MOS transistor (Op) 2702 is he.d un.il rhe Nut ga.e scanning voUage Vg aga.n 
b ecomes a high .eve, in the suhseauen. field period and the »-,ype MOS transistor (Qn) 
2701 is selected. 

On the other hand, the P -.ype MOS .rancor (Op) 2702, on completion of 
0 resetting in the (N-l)th horizontal scanning period, operates from .he (N).h horizontal 
^nmg period and .hereafter as a source follower type ana,og amplifier with the p.xel 
e,ec.rode 107 as the sonrce electrode. At this time, in order to operate the p-.ype MOS 
.ransistor (Op) 2702 as an analog ampHfter, a voUage at leas, higher than (Vdmax-Vp) 
is snppUed to Ore voltage holding capacUor elechode 105. Here Vdmax is .he maximum 
15 val ue of .he *» signal voUage Vd, while V, is me mreshold value voUage of me p-.ype 
MOS — (QP) 2702. The p-.ype MOS transistor (Op) 2702, during the period ,n 
,he suhseauen. field up until the (N-l)m g».e scanning voUage becomes VgH ro thus 
execute reset, can output an analog gradation voltage corresponding .o the he,d gate 
inpu. voltage Va. Tnis output voUage changes depending on me .ranscondnctance gnrp 
20 o, .he p-ype MOS transistor (Op) 2702 and me va,ue of ,he resismr KL 2703, however i. 
is generally represented by the previously mentioned eqnation (2). 

By using me liquid crystal display device of the present invention as described 
above, the fluctuanons in .he pixel voUage Vpix accompanying me response o, me lionid 
cysta, as discussed for the conventional .echnology - he elimina.ed, and as also 
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• n Fin 28 it becomes possible to obtain a 
shown by the liquid crystal light transmrttance m FIG. 28, 

desired gradation for each one field. 

F ^ m o re ,w« h « h en qui ac I ,s t a l a iS p.aydev i ceo f « 1 .ep,ese ntta ve„,,o„, th e 

5 £orth ep-,ypeMOS,rans,o 

— I (Op)2 702 ^,Wo rc w^an d ^s^a S ap OW e rS upp, 1 eaaa 

, waller area than heretofore, giving a high aperture 
amplifier can be constructed wrth a smaller area 

10 efficiency so that a noticeable effect is obtained. 

, u~Bt**M it was noted that the n-type 
Moreover, with the abovementioned embodtment, tt was 

MOS— r^.O.aodthep-.vpeMOS — ^^were.onned^ 
p-SiTFTs. HoweverUtesemayheforrrtedrroroodterthiofaro^rssuch., 
SiTrrsorCdSeTrrs.Furtherroore.theaeroaybe^ed^^ecrys.a.sUicon 

15 transistors . . , * 

^■heTKU^dcrvsta.w^adHveroe.odstronarto.hedHveroethodo, 

n0 Withther—n aU^tardisptaydevice, 
.Heh^dcrysratcapacitaocechao.esdoe.otheroo.eco.esonheTNH^c.sta, 

Etching, and as shown in the beroremenrioned FIG. «. *. P** voUage Vptx 

oMained. On theother hand, widtthe U^nid crysul dispiay device of the present 
.ventionshowninnG.^rhep-typeMOS — (Qp, 2702 opera.es as an 
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MOS transistor (Qp2) 2903 with a gate electrode connected to a bias power supply VB 
2904, a source electrode connected to the voltage holding capacitor electrode 105, and a 
drain electrode connected to the pixel electrode 107; and a liquid crystal 109 which is to 
be switched, disposed between the pixel electrode 107 and an opposing electrode 108. 
Here the n-type MOS transistor (Qn) 2901 and the first and second p-type MOS - 
transistors (Qpl) 2902 and (Qp2) 2903 are constituted by p-SiTFTs. Moreover, the bias 
power supply VB 2904 for supply to the gate electrode of the second p-type MOS 
transistor (Qp2) 2903, is set so that a source-drain resistance Rdsp of the second p-type 
MOS transistor (Qp2) 2903 becomes less than or equal to the value of the resistance 
component which determines the response time constant of the liquid crystal. That is, 
the resistances Rr, Rsp in the liquid crystal equivalent circuit shown in FIG. 60 and FIG. 
62, and the source-drain resistance Rdsp, have the relation shown by the previously 
mentioned equation (3). 

For example, in the case when the resistance Rsp is 5 G Q , then a bias power 
supply VB 2904 such that the source-drain resistance Rdsp does not exceed 1 GQ is 
supplied. At this time, the drain current-gate current characteristics of the second p-type 
MOS transistor (Qp2) 2903, and the operating point are the same as shown in FIG. 11. 
That is, with the example in FIG. 11, the gate-source voltage (VB-VCH) of the second p- 
type MOS transistor (Qp2) 2903 is set to around -3V. As a result, when the drain current 
of the second p-type MOS transistor (Qp2) 2903 becomes around 1E-8 (A) and the 
source-drain voltage Vdsp is -10V, then the source-drain resistance Rdsp becomes 1 G Q . 
Furthermore, even if the second p-type MOS transistor (Qp2) 2903 is operated in the 
weakly inverted region with the source-drain voltage Vdsp changing from -2 to -14V, the 
drain current is approximately constant. The second p-type MOS transistor (Qp2) 2903 
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is operated as the bias current power supply for the case where the first p-type MOS 
transistor (Qpl) 2902 is operated as an analog amplifier. 

The above described drive method for the liquid crystal display device of the 
eleventh embodiment shown in FIG. 29 is the same as the drive method for the liquid 
crystal display device of the tenth embodiment explained beforehand with reference to 
FIG. 28. That is, in the case where a high speed liquid crystal such as a ferroelectric 
liquid crystal having polarization, an antiferroelectric liquid crystal, or an OCB mode 
liquid crystal which responds within one field period, is driven, the pixel voltage Vpix 
and the liquid crystal light transmittance are the same as those shown in FIG. 28. 
Moreover, also in the case where a TN liquid crystal is driven using the liquid crystal 
display device shown in FIG. 29, this can be driven with the same drive method as 
shown in FIG. 28, 

That is to say, if the liquid crystal display device shown in FIG. 29 is used, then 
as with the tenth embodiment, the fluctuations of the pixel voltage Vpix accompanying 
the response of the liquid crystal can be eliminated, enabling a desired gradation to be 
obtained for each one field. 

Moreover, with the liquid crystal display device shown in FIG. 29, the 
construction is such that the (N-l)th scanning line voltage is used as the power supply 
for the first p-type MOS transistor (Qpl) 2902 which operates as an analog amplifier, 
and as the reset power supply, and resetting of the amplifier is performed by the first p- 
type MOS transistor (Qpl) 2902 itself. Therefore wiring and circuits such as a power 
supply lead, a reset power supply lead and a reset switch, become unnecessary. As a 
result, the analog amplifier can be constructed with a smaller area than heretofore, giving 
a high aperture efficiency so that a noticeable effect is obtained. 
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Furthermore, with the abovementioned embodiment, it was noted that the n-type 
MOS transistor (Qn) 2901 and the first and second p-type MOS transistors (Qpl) 2902 
and (Op2) 2903 were formed from p-SiTFTs. However these may be formed from other 
thin film transistors such as a-SiTFTs or CdSeTFTs. Furthermore, these may be formed 
from single crystal silicon transistors . 

When the above described liquid crystal display device and drive method of the 
eleventh embodiment is applied to a liquid crystal display device with a time division 
driving method which switches the color of the incident light in one field (one frame) 
period to perform color display, good color reproduction and high gradation display can 
be realized. This is because of the characteristic that even in the case where the liquid 
crystal display device of the present invention drives a high speed liquid crystal such as a 
ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
OCB mode liquid crystal which responds within one field period, fluctuations do not 
occur in the pixel voltage accompanying the response of the liquid crystal, and hence a 
desired gradation display can be performed for each one field (one frame) period. At this 
time, for liquid crystal material, a thresholdless antiferroelectric liquid crystal is used. 

A twelfth embodiment of the present invention will now be described in detail 
with reference to the figures. FIG. 30 is a diagram showing a twelfth embodiment of a 
liquid crystal display device of the present invention. As shown in the figure, the liquid 
crystal display device of the present invention comprises: an n-type MOS transistor (Qn) 
2901 with a gate electrode connected to an Nth scanning line 2705, and one of a source 
electrode and a drain electrode connected to a signal line 102; a first p-type MOS 
transistor (Qpl) 2902 with a gate electrode connected to the other of the source electrode 
and the drain electrode of the n-type MOS transistor (Qn) 2901, and one of a source 
electrode and a drain electrode connected to an (N-l)th scanning line 2704, and the other 
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of the source electrode and the drain electrode connected to a pixel electrode 107; a 
voltage holding capacitor 106 formed between the gate electrode of the first p-type MOS 
transistor (Qpl) 2902 and a voltage holding capacitor electrode 105; a second p-type 
MOS transistor (Qp2) 2903 with a gate electrode connected to the voltage holding 
capacitor electrode 105, a source electrode connected to a source power supply VS 3001, 
and a drain electrode connected to the pixel electrode 107; and a liquid crystal 109 which 
is to be switched, disposed between the pixel electrode 107 and an opposing electrode 
108. Here the n-type MOS transistor (Qn) 2901 and the first and second p-type MOS 
transistors (Qpl) 2902 and (Qp2) 2903 are constituted by p-SiTFTs. 

The source power supply VS 3001 for supply to the source electrode of the 
second p-type MOS transistor (Qp2) 2903, is set so that the source-drain resistance Rdsp 
of the second p-type MOS transistor (Op2) 2903 becomes less than or equal to the value 
of the resistance component which determines the response time constant of the liquid 
crystal. That is, the resistances Rr, Rsp in the liquid crystal equivalent circuit shown in 
FIG. 60 and FIG. 62, and the source-drain resistance Rdsp, have the relation shown by 
the previous equation (3). For example, in the case when the resistance Rsp is 5 GQ , 
then a source power supply VS 3001 such that the source-drain resistance Rdsp does not 
exceed 1 G Q is supplied. The operating point for the second p-type MOS transistor 
(Qp2) 2903 is the same as the operating point shown in FIG. 11. That is, with the 
example in the figure, the gate-source voltage (VCH-VS) of the second p-type MOS 
transistor (Qp2) 2903 is set to around -3 V. As a result, when the drain current of the 
second p-type MOS transistor (Qp2) 2903 becomes around 1E-8 (A) and the source- 
drain voltage Vdsp is -10V, then the source-drain resistance Rdsp becomes 1 G Q . 
Furthermore, even if the second p-type MOS transistor (Qp2) 2903 is operated in the 
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Furthermore, with the abovementioned embodiment, it was noted that the n-type 
MOS transistor (Qn) 2901 and the first and second p-type MOS transistors (Opl) 2902 
and (Qp2) 2903 were formed from p-SiTFTs. However these may be formed from other 
thin film transistors such as a-SiTFTs or CdSeTFTs. Furthermore, these may be formed 
from single crystal silicon transistors . 

When the above described liquid crystal display device and drive method of the 
twelfth embodiment is applied to a liquid crystal display device with a time division 
driving method which switches the color of the incident light in one field (one frame) 
period to perform color display, good color reproduction and high gradation display can 
be realized. This is because of the characteristic that even in the case where the liquid 
crystal display device of the present invention drives a high speed liquid crystal such as a 
ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
OCB mode liquid crystal which responds within one field period, fluctuations do not 
occur in the pixel voltage accompanying the response of the liquid crystal, and hence a 
desired gradation display can be performed for each one field (one frame) period. At this 
time, for liquid crystal material, a thresholdless antiferroelectric liquid crystal is used. 

A thirteenth embodiment of the present invention will now be described in detail 
with reference to the figures. FIG. 31 is a diagram showing a thirteenth embodiment of a 
liquid crystal display device of the present invention. As shown in the figure, the liquid 
crystal display device of the present invention comprises: an n-type MOS transistor (Qn) 
2901 with a gate electrode connected to an Nth scanning line 2705, and one of a source 
electrode and a drain electrode connected to a signal line 102; a first p-type MOS 
transistor (Qpl) 2902 with a gate electrode connected to the other of the source electrode 
and the drain electrode of the n-type MOS transistor (Qn) 2901, and one of a source 
electrode and a drain electrode connected to an (N-l)th scanning line 2705, and the other 
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of the source electrode and the drain electrode connected to a pixel electrode 107; a 
voltage holding capacitor 106 formed between the gate electrode of the first p-type MOS 
transistor (Qpl) 2902 and a voltage holding capacitor electrode 105; a second p-type 
MOS transistor (Qp2) 2903 with a gate electrode and source electrode connected to the 
voltage holding capacitor electrode 105, and a drain electrode connected to the pixel 
electrode 107; and a liquid crystal 109 which is to be switched, disposed between the 
pixel electrode 107 and an opposing electrode 108. Here the n-type MOS transistor (Qn) 
2901 and the first and second p-type MOS transistors (Qpl) 2902 and (Qp2) 2903 are 
constituted by p-SiTFTs. 

Furthermore, since the gate electrode and the source electrode of the second p- 
type MOS transistor (Qp2) 2903 are both connected to the voltage holding capacitor 
electrode 105, then the gate-source voltage Vgsp of the second p-type MOS transistor 
(Qp2) 2903 becomes 0V. Under this bias condition, so that the source-drain resistance 
Rdsp of the second p-type MOS transistor (Qp2) 2903 satisfies the beforementioned 
equation (3), the threshold value voltage of the second p-type MOS transistor (Op2) 
2903 is shift controlled to the positive side by channel-dose. At this time, the drain 
current-gate voltage characteristics of the second p-type MOS transistor (Qp2) 1003, and 
the operating point are the same as shown in FIG. 14. That is, as shown in FIG. 14, the 
threshold value voltage is shift controlled to the positive side by channel-dose so that 
when the gate-source voltage is 0V, the drain current becomes approximately 1E-8 (A). 
As a result, when the drain current of the second p-type MOS transistor (Op2) 2903 
becomes around 1E-8 (A) and the source-drain voltage Vdsp is -10V, then the source- 
drain resistance Rdsp becomes 1GQ. Furthermore, even if the second p-type MOS 
transistor (Qp2) 2903 is operated in the weakly inverted region with the source-drain 
voltage Vdsp changing from -2 to -14V, the drain current is approximately constant. 
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The second p-type MOS transistor (Qp2) 2903 is operated as the bias current power 
supply for the case where the first p-type MOS transistor (Qpl) 2902 is operated as an 
analog amplifier. 

With the thirteenth embodiment, the bias power supply VB 2904, and the source 
power supply VS 3001 necessary in the eleventh and twelfth embodiments are not 
necessary. However a channel-dose forming step is additionally required. 

The above described drive method for the liquid crystal display device of the 
thirteenth embodiment shown in FIG, 31 is the same as the drive method for the liquid 
crystal display device of the tenth through twelfth embodiments explained beforehand. 
That is, in the case where a high speed liquid crystal such as a ferroelectric liquid crystal 
having polarization, an antiferroelectric liquid crystal, or an OCB mode liquid crystal 
which responds within one field period, is driven, the pixel voltage Vpix and the liquid 
crystal light transmittance are the same as those shown in FIG. 28. Moreover, also in the 
case where a TN liquid crystal is driven using the liquid crystal display device shown in 
FIG. 31, this can be driven with the same drive method as shown in FIG. 28. 

That is to say, if the liquid crystal display device shown in FIG. 31 is used, then 
as with the tenth through twelfth embodiments, the fluctuations of the pixel voltage Vpix 
accompanying the response of the liquid crystal can be eliminated, enabling a desired 
gradation to be obtained for each one field. 

Moreover, with the liquid crystal display device shown in FIG. 31, the 
construction is such that the (N-l)th scanning line voltage is used as the power supply 
for the first p-type MOS transistor (Qpl) 2902 which operates as an analog amplifier, 
and as the reset power supply, and resetting of the amplifier is performed by the first p- 
type MOS transistor (Qpl) 2902 itself. Therefore wiring and circuits such as a power 
supply lead, a reset power supply lead and a reset switch, become unnecessary. As a 
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and the drain electrode of the p-type MOS transistor (Qp) 3201, and one of a source 
electrode and a drain electrode connected to the (N-l)th scanning line 2704, and the 
other of the source electrode and the drain electrode connected to a pixel electrode 107; a 
voltage holding capacitor 106 formed between the gate electrode of the n-type MOS 
transistor (Qn) 3202 and a voltage holding capacitor electrode 105; a resistor RL 3203 
connected between the pixel electrode 107 and the voltage holding capacitor electrode 
105; and a liquid crystal 109 which is to be switched, disposed between the pixel 
electrode 107 and an opposing electrode 108. Here the p-type MOS transistor (Qp) 3201 
and the n-type MOS transistor (Qn) 3202 are constituted by p-SiTFTs. 

Moreover, the value of the resistor RL 3203, as with the sixth embodiment, is set 
to less than or equal to the value of the resistance component which determines the 
response time constant of the liquid crystal. That is, the resistances Rr, Rsp in the liquid 
crystal equivalent circuit shown in FIG. 60 and FIG. 62, and the value of the resistor RL 
3203, have the relation shown by the previously mentioned equation (1). 

For example, in the case when the resistance Rsp is 5 G Q , then the value of the 
resistor RL 3203 is set to a value of around 1GQ. A value of 1 G Q which is a large 
resistance not used in normal semiconductor integrated circuits, is formed from a 
semiconductor thin film or a semiconductor thin film which has been doped with 
impurities, as explained in the sixth embodiment. 

That is to say, the construction and manufacturing method for the case where the 
resistor RL 3203 is formed from a lightly doped n-type semiconductor thin film (n-) are 
the same as shown in FIG. 16. Moreover, the construction and manufacturing method 
for the case where the resistor RL 3203 is formed from a semiconductor thin film (i 
layer) which has not been doped with impurities are the same as shown in FIG. 17. 
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Furthermore, the construction and manufacturing method for the case where the resistor 
RL 3203 is formed from a p-type semiconductor thin film (p-) are the same as shown in 
FIG. 18. In the above, the description has been for the case where the resistor RL 3203 
shown in FIG. 32 is formed from a semiconductor thin film or a semiconductor thin film 
doped with impurities. However provided the resistance satisfies equation (1), then 
other materials may be employed. 

As follows is a description of the drive method for the liquid crystal display 
device using the pixel construction shown in FIG. 32. FIG. 33 shows the timing chart, 
and the change in light transmittance of the liquid crystal, for a gate scanning voltage Vg, 
a data signal voltage Vd, a gate voltage Va of the n-type MOS transistor (Qn) 3202, and 
a pixel voltage Vpix, for the case where a high speed liquid crystal such as a ferroelectric 
liquid crystal having polarization, an antiferroelectric liquid crystal, or an OCB mode 
liquid crystal which responds within one field period, is driven by the pixel construction 
shown in FIG. 32. Here the example is given for when the liquid crystal operates in a 
normally black mode, becoming dark when a voltage is not applied. 

As shown in the figure, in the period where the (N-l)th gate scanning voltage Vg 
(N-l) becomes a low level VgL, the pixel electrode 107 attains the reset state due to the 
gate scanning voltage VgL being transferred through the n-type MOS transistor (Qn) 
3202. Here as described below, the n-type MOS transistor (Qn) 3202 operates as a 
source follower type analog amplifier, after the selection period of the (N-l)th scanning 
line is completed. However due to the pixel voltage Vpix becoming VgL in the selection 
period of the (N-l)th scanning line, the resetting of the n-type MOS transistor (Qn) 3202 
is performed. 

Then in the period where the Nth gate scanning voltage Vg (N) becomes a low 
level VgL> the p-type MOS transistor (Qp) 3201 comes on, and the data signal Vd input 
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to the signal line is transferred to the gate electrode of the n-type MOS transistor (Qn) 
3202 through the p-type MOS transistor (Qp) 3201. When the horizontal scanning 
period is completed and the gate scanning voltage Vg becomes a high level, the p-type 
MOS transistor (Qp) 3201 goes off, and the data signal transferred to the gate electrode 
of the n-type MOS transistor (Qn) 3202 is held by the voltage holding capacitor 105. At 
this time, with the gate input voltage Va of the n-type MOS transistor (Qn) 3202, at the 
time when the p-type MOS transistor (Qp) 3201 goes off, a voltage shift referred to as a 
feed-through voltage occurs through the capacitance between the gate and the source of 
the p-type MOS transistor (Qp) 3201. In FIG. 33 this is shown by Vfl, Vf2 and Vf3. 
The amount of this voltage shift Vfl, Vf2 and Vf3 can be made smaller by designing the 
value for the voltage holding capacitor 105 to be large. The gate input voltage Va of the 
n-type MOS transistor (Qn) 3202 is held until the Nth gate scanning voltage Vg again 
becomes a low level in the subsequent field period and the p-type MOS transistor (Qp) 
3201 is selected. 

On the other hand, the n-type MOS transistor (Qn) 3202, on completion of 
resetting in the (N-l)th horizontal scanning period, operates from (N)th horizontal 
scanning period and thereafter as a source follower type analog amplifier with the pixel 
electrode 107 as the source electrode. At this time, in order to operate the n-type MOS 
transistor (Qn) 3202 as an analog amplifier, a voltage at least lower than (Vdmin-Vtn) is 
supplied to the voltage holding capacitor electrode 105. Here Vdmin is the minimum 
value of the data signal voltage Vd, while Vtn is the threshold value voltage of the n-type 
MOS transistor (Qn) 3202. The n-type MOS transistor (Qn) 3202, during the period in 
the subsequent field up until the (N-l)th gate scanning voltage becomes VgL to thus 
execute reset, can output an analog gradation voltage corresponding to the held gate 
input voltage Va. This output voltage changes depending on the transconductance gmn 
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of the n-type MOS transistor (Qn) 3202 and the value of the resistor RL 3203, however it 
is generally represented by the previously mentioned equation (4). 

By using the liquid crystal display device of the present invention as described 
above, the fluctuations in the pixel voltage Vpix accompanying the response of the liquid 
crystal as discussed for the conventional technology can be eliminated, and as also 
shown by the liquid crystal light transmittance in FIG. 33, it becomes possible to obtain a 
desired gradation for each one field. 

Furthermore, with the liquid crystal display device of the present invention, the 
construction is such that the (N-l)th scanning line voltage is used as the power supply 
for the n-type MOS transistor (Qn) 3202 which operates as an analog amplifier, and as 
the reset power supply, and resetting of the amplifier is performed by the n-type MOS 
transistor (Qn) 3202 itself. Therefore wiring and circuits such as a power supply lead, a 
reset power supply lead and a reset switch, become unnecessary. As a result, the analog 
amplifier can be constructed with a smaller area than heretofore, giving a high aperture 
efficiency so that a noticeable effect is obtained. 

Moreover, with the abovementioned embodiment, it was noted that the p-type 
MOS transistor (Qp) 3201 and the n-type MOS transistor (Qn) 3202 were formed from 
p-SiTFTs. However these may be formed from other thin film transistors such as a- 
SiTFTs or CdSeTFTs. Furthermore, these may be formed from single crystal silicon 
transistors . 

Driving the TN liquid crystal with a drive method similar to the drive method of 
FIG. 33 is of course also possible. With the conventional liquid crystal display device, 
the liquid crystal capacitance changes due to the molecules of the TN liquid crystal 
switching, and as shown in the beforementioned FIG. 61, the pixel voltage Vpix 
fluctuates, and hence the inherent liquid crystal light transmittance TO cannot be 
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obtained. On the other hand, with the liquid crystal display device of the present 
invention shown in FIG. 32, the n-type MOS transistor (Qn) 3202 operates as an 
amplifier, and hence a constant voltage can be applied continuously to the liquid crystal 
109 without being influenced by changes in the capacitance of the TN liquid crystal. 
Therefore the inherent light transmittance can be obtained, and accurate gradation 
display can be performed. 

When the above described liquid crystal display device and drive method of the 
fourteenth embodiment is applied to a liquid crystal display device with a time division 
driving method which switches the color of the incident light in one field (one frame) 
period to perform color display, good color reproduction and high gradation display can 
be realized. This is because of the characteristic that even in the case where the liquid 
crystal display device of the present invention drives a high speed liquid crystal such as a 
ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
OCB mode liquid crystal which responds within one field period, fluctuations do not 
occur in the pixel voltage accompanying the response of the liquid crystal, and hence a 
desired gradation display can be performed for each one field (one frame) period. At this 
time, for liquid crystal material, a thresholdless antiferroelectric liquid crystal is used. 

A fifteenth embodiment of the present invention will now be described in detail 
with reference to the figures. FIG. 34 is a diagram showing a fifteenth embodiment of a 
liquid crystal display device of the present invention. As shown in the figure, the liquid 
crystal display device of the present invention comprises: a p-type MOS transistor (Qp) 
3401 with a gate electrode connected to an Nth scanning line 2705, and one of a source 
electrode and a drain electrode connected to a signal line 102; a first n-type MOS 
transistor (Qnl) 3402 with a gate electrode connected to the other of the source electrode 
and the drain electrode of the p-type MOS transistor (Op) 3401, and one of a source 
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and •he drain eiechode of .he p-.ype MOS — (Qp) 340!, and one of a source 
electtod ea„dad rato . 1 ec tt odeconne«ed,oa»( N - 1 , t h S can ni n g Hne 27 0 4 ,and te o te 

ot , he .ounce e,e«rode and the drain e,ectrode connected .o a pixe, eiectrode 107; a 

transistor (Qnl) 3402 and a voi,a g e holding capacitor e.echode 105; a second n- t>P e 
MOS — (Qn2, 3403 with a g ate electrode connected ,0 the voltage hoiding 

capacitor eiectrode 105, a source eiecrrode connecter, to a source power suppry VS 350!, 
and adraine 1 ee ro deeon„ec,ed,o.hepixe.eiee,rode 1 07;andaii q uider y s,a 11M w h ich 

108 . Here Ore p-rype MOS transistor (Op) 340! and Ore firs, and second n-type MOS 
transistors (Qnl) 3402 and (Qn2) 3403 are constituted by p-SiTFTs. 

Tfce source power supply VS 3501 for supply to the source electrode of Ore 
second n-type MOS transistor (On2) 3403, is set so ft* Ore source-drain resistance Rdsn 
15 o, Ore second n-«ype MOS — (On2) 3403 becomes less than or e,ua, to the vahre 
of , he resistance component which determines the response time eonstan, o, .he hmud 
cvstal. Tha, is, .he resistance, Rr, Rsp in the U,uid crystai euuivalen. circuit shown ,„ 
FIG. 60 and FIG. 62, and me source-drain resist Rdsn, have the region shown hy 

t<\ Fnr example in the case when the resistance Rsn is 5 G Q , 
the previous equation (5). For example, m 

20 .hen a source power supply VS 3501 such that the source-drain resistance Rdsn does no. 
cxceedlGQ tssuppited. The operatin g point for the second n-type MOS transistor 
(Qn2) 3403 is the same as the operating porn, shown in F!G. 23. Tha, is, with .he 
example in the FfO. 23, the gate-source vo,ta g e (VCH-VS) of the second n-,ype MOS 
transistor (Qn2) 3403 is « >o around 3V. As a result, when Ore drain current o, .he 
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arainvohage Vdsnis lOV.thenthe sotnce-drain «— ■*»»— 1 

WMUyto ve« e a K .o„wHM h e S o^a in vo tag eV to « tom 2 t o 1 4V,,e 

S ^c^.app— . Thesecondn-^MOSh— 0W34O3 

i (™t>„. rase where the first n-type MOS 
is operated as the bias current power supply for the case wher 

transistor (Qnl) 3402 is operated as an analog amplifier. 

^ above described drive method tor me Uquid crystal display device of me 
sixt eenmembodime n ,showninn0.3 5 U 1 hesamea 8 medriveme,hodformeli q uid 

^..inmecasewheream^s^U^dcry.a.suchasafe— c Uquid crysr, 

wUch respondswiminonefie,dperiod, is aHvem .he pixel voltage Vpix an d the liquid 
e^Uighr— anceare,he S amea S moseshownin F .0.33.Moreover,alsoinme 

nG 35, .his canbe driven wi-h .he same drive method as shown in F.0. 33. 

as with the and fifteenth embodiments, Ihe fiuc.ua.ions of the pixel voha g e 

Vpix accompanying .he response of the liquid cry**! can he ehminamd, enabling a 
20 desired gradation to be obtained for each one field. 

Moreover, with the liquid crystal display device shown in FIG. 35, the 
Conshuctionissuchlhatthe^-Dmscanninglmevouageisusedasate powers, 

for me firs, n-type MOS tmnsistor (Qn!) 3402 which operates as an analog ampltfier, 
.aasmeresetpowersupply.andresettingofU.eamp.ifierisper.ormeabymef.rst, 

25 type MOS transistor (Qnl) 3402 itself. Therefore wiring ana circuits such as a power 
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supply lead, a reset power supply lead and a reset switch, become unnecessary. As a 
result, the analog amplifier can be constructed with a smaller area than heretofore, giving 
a high aperture efficiency so that a noticeable effect is obtained. 

Furthermore, with the abovementioned embodiment, it was noted that the p-type 
5 MOS transistor (Qp) 3401 and the first and second n-type MOS transistors (Qnl) 3402 
and (Qn2) 3403 were formed from p-SiTFTs. However these may be formed from other 
thin film transistors such as a-SiTFTs or CdSeTFTs. Furthermore, these may be formed 
from single crystal silicon transistors . 
^ When the above described liquid crystal display device and drive method of the 

[J? 10 sixteenth embodiment is applied to a liquid crystal display device with a time division 

m driving method which switches the color of the incident light in one field (one frame) 

period to perform color display, good color reproduction and high gradation display can 
be realized. This is because of the characteristic that even in the case where the liquid 
crystal display device of the present invention drives a high speed liquid crystal such as a 
15 ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
OCB mode liquid crystal which responds within one field period, fluctuations do not 
occur in the pixel voltage accompanying the response of the liquid crystal, and hence a 
desired gradation display can be performed for each one field (one frame) period. At this 
time, for liquid crystal material, a thresholdless antiferroelectric liquid crystal is used. 
20 A seventeenth embodiment of the present invention will now be described in 

detail with reference to the figures. FIG. 36 is a diagram showing a seventeenth 
embodiment of a liquid crystal display device of the present invention. As shown in the 
figure, the liquid crystal display device of the present invention comprises: a p-type 
MOS transistor (Op) 3401 with a gate electrode connected to an Nth scanning line 2705, 
25 and one of a source electrode and a drain electrode connected to a signal line 102; a first 
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n-type MOS transistor (Qnl) 3402 with a gate electrode connected to the other of the 
source electrode and the drain electrode of the p-type MOS transistor (Qp) 3401, and one 
of a source electrode and a drain electrode connected to an (N-l)th scanning line 2704, 
and the other of the source electrode and the drain electrode connected to a pixel 
electrode 107; a voltage holding capacitor 106 formed between the gate electrode of the 
first n-type MOS transistor (Qnl) 3402 and a voltage holding capacitor electrode 105; a 
second n-type MOS transistor (Qn2) 3403 with a gate electrode and source electrode 
connected to the voltage holding capacitor electrode 105, and a drain electrode 
connected to the pixel electrode 107; and a liquid crystal 109 which is to be switched, 
disposed between the pixel electrode 107 and an opposing electrode 108. Here the p- 
type MOS transistor (Qp) 3401 and the first and second n-type MOS transistors (Qnl) 

3402 and (Qn2) 3403 are constituted by p-SiTFTs. 

Furthermore, since the gate electrode and the source electrode of the second n- 
type MOS transistor (Qn2) 3403 are both connected to the voltage holding capacitor 
electrode 105, then the gate-source voltage Vgsn of the second n-type MOS transistor 
(Qn2) 3403 becomes 0V. Under this bias condition, so that the source-drain resistance 
Rdsn of the second n-type MOS transistor (Qn2) 3403 satisfies the beforementioned 
equation (5), the threshold value voltage of the second n-type MOS transistor (Qn2) 

3403 is shift controlled to the negative side by channel-dose. At this time, the drain 
current-gate voltage characteristics of the second p-type MOS transistor (Qp2) 1003, and 
the operating point are the same as shown in FIG. 26. That is, as shown in FIG. 26, the 
threshold value voltage is shift controlled to the negative side by channel-dose so that 
when the gate-source voltage is 0V, the drain current becomes approximately 1E-8 (A). 
As a result, when the drain current of the second n-type MOS transistor (Qn2) 3403 
becomes around 1E-8 (A) and the source-drain voltage Vdsn is 10V, then the source- 
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drain resistance Rdsn becomes 1GQ. Furthermore, even if the second n-type MOS 
transistor (Qn2) 3403 is operated in the weakly inverted region with the source-drain 
voltage Vdsn changing from 2 to 14V, the drain current is approximately constant. The 
second n-type MOS transistor (Qn2) 3403 is operated as the bias current power supply 
for the case where the first n-type MOS transistor (Qnl) 3402 is operated as an analog 
amplifier. 

With the seventh embodiment, the bias power supply VB 3404, and the source 
power supply VS 3501 necessary in the fifteenth and sixteenth embodiments are not 
necessary. However a channel-dose forming step is additionally required. 

The above described drive method for the liquid crystal display device of the 
seventeenth embodiment shown in FIG. 36 is the same as the drive method for the liquid 
crystal display device of the fourteenth through sixteenth embodiments explained 
beforehand. That is, in the case where a high speed liquid crystal such as a ferroelectric 
liquid crystal having polarization, an antiferroelectric liquid crystal, or an OCB mode 
liquid crystal which responds within one field period, is driven, the pixel voltage Vpix 
and the liquid crystal light transmittance are the same as those shown in FIG. 33. 
Moreover, also in the case where a TN liquid crystal is driven using the liquid crystal 
display device shown in FIG. 36, this can be driven with the same drive method as 
shown in FIG. 33. 

That is to say, if the liquid crystal display device shown in FIG. 36 is used, then 
as with the fourteenth through sixteenth embodiments, the fluctuations of the pixel 
voltage Vpix accompanying the response of the liquid crystal can be eliminated, 
enabling a desired gradation to be obtained for each one field. 

Moreover, with the liquid crystal display device shown in FIG. 36, the 
construction is such that the (N-l)th scanning line voltage is used as the power supply 
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for the first n-type MOS transistor (Qnl) 3402 which operates as an analog amplifier, 
and as the reset power supply, and resetting of the amplifier is performed by the first n- 
type MOS transistor (Qnl) 3402 itself. Therefore wiring and circuits such as a power 
supply lead, a reset power supply lead and a reset switch, become unnecessary. As a 
result, the analog amplifier can be constructed with a smaller area than heretofore, giving 
a high aperture efficiency so that a noticeable effect is obtained. 

Furthermore, with the abovementioned embodiment, it was noted that the p-type 
MOS transistor (Qp) 3401 and the first and second n-type MOS transistors (Qnl) 3402 
and (Qn2) 3403 were formed from p-SiTFTs. However these may be formed from other 
thin film transistors such as a-SiTFTs or CdSeTFTs. Furthermore, these may be formed 
from single crystal silicon transistors . 

When the above described liquid crystal display device and drive method of the 
seventh embodiment is applied to a liquid crystal display device with a time division 
driving method which switches the color of the incident light in one field (one frame) 
period to perform color display, good color reproduction and high gradation display can 
be realized. This is because of the characteristic that even in the case where the liquid 
crystal display device of the present invention drives a high speed liquid crystal such as a 
ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
OCB mode liquid crystal which responds within one field period, fluctuations do not 
occur in the pixel voltage accompanying the response of the liquid crystal, and hence a 
desired gradation display can be performed for each one field (one frame) period. At this 
time, for liquid crystal material, a thresholdless antiferroelectric liquid crystal is used. 

An eighteenth embodiment of the present invention will now be described in 
detail with reference to the figures. FIG. 37 is a diagram showing an eighteenth 
embodiment of a liquid crystal display device of the present invention. As shown in the 
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figure, the liquid crystal display device of the present invention comprises: an n-type 
MOS transistor (Qn) 3701 with a gate electrode connected to a scanning line 101, and 
one of a source electrode and a drain electrode connected to a signal line 102; a p-type 
MOS transistor (Qp) 3702 with a gate electrode connected to the other of the source 
5 electrode and the drain electrode of the n-type MOS transistor (Qn) 3701, and one of a 
source electrode and a drain electrode connected to a reset pulse power supply VR 3704, 
and the other of the source electrode and the drain electrode connected to a pixel 
electrode 107; a voltage holding capacitor 106 formed between the gate electrode of the 
p-type MOS transistor (Qp) 3702 and a voltage holding capacitor electrode 105; a 
10 resistor RL 3703 connected between the pixel electrode 107 and the voltage holding 
capacitor electrode 105; and a liquid crystal 109 which is to be switched, disposed 
between the pixel electrode 107 and an opposing electrode 108. Here the n-type MOS 
transistor (Qn) 3701 and the p-type MOS transistor (Qp) 3702 are constituted by p- 
SiTFTs. 

Moreover, the value of the resistor RL 3703, as with the second embodiment, is 
set to less than or equal to the value of the resistance component which determines the 
response time constant of the liquid crystal. That is, the resistances Rr, Rsp in the liquid 
crystal equivalent circuit shown in FIG. 60 and FIG. 62, and the value of the resistor RL 
3703, have the relation shown by the previously mentioned equation (1). 

For example, in the case when the resistance Rsp is 5 G Q , then the value of the 
resistor RL 3703 is set to a value of around 1GQ. AvalueoflGQ which is a large 
resistance not used in normal semiconductor integrated circuits, is formed from a 
semiconductor thin film or a semiconductor thin film which has been doped with 
impurities, as explained in the second embodiment. 
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That is to say, the construction and manufacturing method for the case where the 
resistor RL 3703 is formed from a lightly doped p-type semiconductor thin film (p-) are 
the same as shown in FIG. 4. Moreover, the construction and manufacturing method for 
the case where the resistor RL 3703 is formed from a semiconductor thin film (i layer) 
5 which has not been doped with impurities are the same as shown in FIG. 5. Furthermore, 
the construction and manufacturing method for the case where the resistor RL 3703 is 
formed from an n-type semiconductor thin film (n-) are the same as shown in FIG. 6. In 
the above, the description has been for the case where the resistor RL 3703 shown in FIG. 
37 is formed from a semiconductor thin film or a semiconductor thin film doped with 
10 impurities. However provided the resistance satisfies equation (1), then other materials 
may be employed. 

As follows is a description of the drive method for the liquid crystal display 
device using the pixel construction shown in FIG. 37. FIG. 38 shows the timing chart, 
and the change in light transmittance of the liquid crystal, for a gate scanning voltage Vg, 
15 a data signal voltage Vd, a gate voltage Va of the p-type MOS transistor (Qp) 3702, and 
a pixel voltage Vpix, for the case where a high speed liquid crystal such as a ferroelectric 
liquid crystal having polarization, an antiferroelectric liquid crystal, or an OCB mode 
liquid crystal which responds within one field period, is driven by the pixel construction 
shown in FIG. 37. Here the example is given for when the liquid crystal operates in a 
20 normally black mode, becoming dark when a voltage is not applied. 

As shown in the figure, in the period where the reset pulse voltage VR becomes a 
high level VgH, the pixel electrode 107 attains the reset state due to the gate scanning 
voltage VgH being transferred through the p-type MOS transistor (Qp) 3702. Here as 
described below, the p-type MOS transistor (Qp) 3702 operates as a source follower type 
25 analog amplifier, after the reset pulse voltage VR becomes a low level. However, due to 
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the pixel voltage Vpix becoming VgH in the period where the reset pulse voltage VR is a 
high level, the resetting of the p-type MOS transistor (Qp) 3702 is performed.. 

Then in the period immediately after the period where the reset pulse voltage VR 
becomes a high level VgH, where the gate scanning voltage Vg becomes a high level 
VgH, the n-type MOS transistor (Qn) 3701 comes on, and the data signal Vd input to the 
signal line is transferred to the gate electrode of the p-type MOS transistor (Qp) 3702 
through the n-type MOS transistor (Qn) 3701. When the horizontal scanning period is 
completed and the gate scanning voltage Vg becomes a low level, the n-type MOS 
transistor (Qn) 3701 goes off, and the data signal transferred to the gate electrode of the 
p-type MOS transistor (Qp) 3702 is held by the voltage holding capacitor 105. At this 
time, with the gate input voltage Va of the p-type MOS transistor (Qp) 3702, at the time 
when the n-type MOS transistor (Qn) 3701 goes off, a voltage shift referred to as a feed- 
through voltage occurs through the capacitance between the gate and the source of the 
n-type MOS transistor (Qn) 3701. In FIG. 38 this is shown by Vfl, Vf2 and Vf3. The 
amount of this voltage shift Vfl, Vf2 and Vf3 can be made smaller by designing the 
value for the voltage holding capacitor 105 to be large. The gate input voltage Va of the 
p-type MOS transistor (Qp) 3702 is held until the gate scanning voltage Vg again 
becomes a high level in the subsequent field period and the n-type MOS transistor (Qn) 
3701 is selected. 

On the other hand, the p-type MOS transistor (Qp) 3702, on completion of 
resetting in the reset period where the reset pulse voltage VR becomes a high level, 
operates from the horizontal scanning period and thereafter as a source follower type 
analog amplifier with the pixel electrode 107 as the source electrode. At this time, in 
order to operate the p-type MOS transistor (Qp) 3702 as an analog amplifier, a voltage at 
least higher than (Vdmax-Vtp) is supplied to the voltage holding capacitor electrode 105. 
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Here Vdmax is the maximum value of the data signal voltage Vd, while Vtp is the 
threshold value voltage of the p-type MOS transistor (Qp) 3702. The p-type MOS 
transistor (Qp) 3702, during the period until the reset pulse voltage VR in the next field 
becomes VgH to thus execute reset, can output an analog gradation voltage 
corresponding to the held gate input voltage Va. This output voltage changes depending 
on the transconductance gmp of the p-type MOS transistor (Qp) 3702 and the value of 
the resistor RL 3703, however it is generally represented by the previously mentioned 
equation (2). 

By using the liquid crystal display device of the present invention as described 
above, the fluctuations in the pixel voltage Vpix accompanying the response of the liquid 
crystal as discussed for the conventional technology can be eliminated, and as also 
shown by the liquid crystal light transmittance in FIG. 38, it becomes possible to obtain a 
desired gradation for each one field. 

Furthermore, with the above drive method, the reset period is provided before the 
horizontal scanning period. However, it is also possible to drive such that the reset 
period and the horizontal scanning period have the same timing. In this case, selection 
of the pixel and the resetting of the p-type MOS transistor (Qp) 3702 are performed at 
the same time. 

Moreover, with the liquid crystal display device of the present invention, the 
construction is such that resetting of the p-type MOS transistor (Qp) 3702 which 
operates as an analog amplifier is performed by the p-type MOS transistor (Qp) 3702 
itself. Therefore wiring and circuits such as a power supply lead and a reset switch, 
become unnecessary. As a result, the analog amplifier can be constructed with a smaller 
area than heretofore, giving a high aperture efficiency so that a noticeable effect is 
obtained. 
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Furthermore, since the reset pulse power supply VR is provided separately, then 
compared to the liquid crystal display device described in the second and tenth 
embodiments, this has the advantage that the delay of the scanning pulse signal 
accompanying resetting of the amplifier can be eliminated. 

Moreover, with the abovementioned embodiment, it was noted that the n-type 
MOS transistor (Qn) 3701 and the p-type MOS transistor (Qp) 3702 were formed from 
p-SiTFTs. However these may be formed from other thin film transistors such as a- 
SiTFTs or CdSeTFTs. Furthermore, these may be formed from single crystal silicon 
transistors . 

Driving the TN liquid crystal with a drive method similar to the drive method of 
FIG. 38 is of course also possible. With the conventional liquid crystal display device, 
the liquid crystal capacitance changes due to the molecules of the TN liquid crystal 
switching, and as shown in the beforementioned FIG. 61, the pixel voltage Vpix 
fluctuates, and hence the inherent liquid crystal light transmittance TO cannot be 
obtained. On the other hand, with the liquid crystal display device of the present 
invention shown in FIG. 37, the p-type MOS transistor (Qp) 3702 operates as an 
amplifier, and hence a constant voltage can be applied continuously to the liquid crystal 
109 without being influenced by changes in the capacitance of the TN liquid crystal. 
Therefore the inherent light transmittance can be obtained, and accurate gradation 
display can be performed. 

When the above described liquid crystal display device and drive method of the 
eighteenth embodiment is applied to a liquid crystal display device with a time division 
driving method which switches the color of the incident light in one field (one frame) 
period to perform color display, good color reproduction and high gradation display can 
be realized. This is because of the characteristic that even in the case where the liquid 
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crystal display device of the present invention drives a high speed liquid crystal such as a 
ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
OCB mode liquid crystal which responds within one field period, fluctuations do not 
occur in the pixel voltage accompanying the response of the liquid crystal, and hence a 
desired gradation display can be performed for each one field (one frame) period. At this 
time, for liquid crystal material, a thresholdless antiferroelectric liquid crystal is used. 

A nineteenth embodiment of the present invention will now be described in detail 
with reference to the figures. FIG. 39 is a diagram showing a nineteenth embodiment of 
a liquid crystal display device of the present invention. As shown in the figure, the 
liquid crystal display device of the present invention comprises: an n-type MOS 
transistor (Qn) 3901 with a gate electrode connected to a scanning line 101, and one of a 
source electrode and a drain electrode connected to a signal line 102; a first p-type MOS 
transistor (Opl) 3902 with a gate electrode connected to the other of the source electrode 
and the drain electrode of the n-type MOS transistor (Qn) 3901, and one of a source 
electrode and a drain electrode connected to a reset pulse power supply VR 3704, and 
the other of the source electrode and the drain electrode connected to a pixel electrode 
107; a voltage holding capacitor 106 formed between the gate electrode of the first p- 
type MOS transistor (Qpl) 3902 and a voltage holding capacitor electrode 105; a second 
p-type MOS transistor (Qp2) 3903 with a gate electrode connected to a bias power 
supply VB 3904, a source electrode connected to the voltage holding capacitor electrode 
105, and a drain electrode connected to the pixel electrode 107; and a liquid crystal 109 
which is to be switched, disposed between the pixel electrode 107 and an opposing 
electrode 108. Here the n-type MOS transistor (Qn) 3901 and the first and second p-type 
MOS transistors (Qpl) 3902 and (Qp2) 3903 are constituted by p-SiTFTs. Moreover, 
the bias power supply VB 3904 for supply to the gate electrode of the second p-type 
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MOS transistor (Qp2) 3903, is set so that a source-drain resistance Rdsp of the second p- 
type MOS transistor (Qp2) 3903 becomes less than or equal to the value of the resistance 
component which determines the response time constant of the liquid crystal. That is, 
the resistances Rr, Rsp in the liquid crystal equivalent circuit shown in FIG. 60 and FIG. 
62, and the source-drain resistance Rdsp, have the relation shown by the previously 
mentioned equation (3). 

For example, in the case when the resistance Rsp is 5 GQ, then a bias power 
supply VB 3904 such that the source-drain resistance Rdsp does not exceed 1 G Q is 
supplied. At this time, the drain current-gate current characteristics of the second p-type 
MOS transistor (Qp2) 3903, and the operating point are the same as shown in FIG. 11. 
That is, with the example in FIG. 11, the gate-source voltage (VB-VCH) of the second p- 
type MOS transistor (Qp2) 3903 is set to around -3V. As a result, when the drain current 
of the second p-type MOS transistor (Qp2) 3903 becomes around 1E-8 (A) and the 
source-drain voltage Vdsp is -10V, then the source-drain resistance Rdsp becomes 1 GQ . 
Furthermore, even if the second p-type MOS transistor (Qp2) 3903 is operated in the 
weakly inverted region with the source-drain voltage Vdsp changing from -2 to -14V, the 
drain current is approximately constant. The second p-type MOS transistor (Qp2) 3903 
is operated as the bias current power supply for the case where the first p-type MOS 
transistor (Qpl) 3902 is operated as an analog amplifier. 

The above described drive method for the liquid crystal display device of the 
nineteenth embodiment shown in FIG. 39 is the same as the drive method for the liquid 
crystal display device of the eighteenth embodiment shown beforehand with reference to 
FIG. 38. That is, in the case where a high speed liquid crystal such as a ferroelectric 
liquid crystal having polarization, an antiferroelectric liquid crystal, or an OCB mode 
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liquid crystal which responds within one field period, is driven, the pixel voltage Vpix 
and the liquid crystal light transmittance are the same as those shown in FIG. 38. 
Moreover, also in the case where a TN liquid crystal is driven using the liquid crystal 
display device shown in FIG. 39, this can be driven with the same drive method as 
shown in FIG. 38. 

That is to say, if the liquid crystal display device shown in FIG. 39 is used, then 
as with the eighteenth embodiment, the fluctuations of the pixel voltage Vpix 
accompanying the response of the liquid crystal can be eliminated, enabling a desired 
gradation to be obtained for each one field. 

Furthermore, with the above drive method, the reset period is provided before the 
horizontal scanning period. However, it is also possible to drive such that the reset 
period and the horizontal scanning period have the same timing. In this case, selection 
of the pixel and the resetting of the first p-type MOS transistor (Qp) 3902 are performed 
at the same time. 

Moreover, with the liquid crystal display device shown in FIG. 39, the 
construction is such that resetting of the first p-type MOS transistor (Qpl) 3902 which 
operates as an analog amplifier, is performed by the first p-type MOS transistor (Qpl) 
3902 itself. Therefore wiring and circuits such as a power supply lead and a reset switch, 
become unnecessary. As a result, the analog amplifier can be constructed with a smaller 
area than heretofore, giving a high aperture efficiency so that a noticeable effect is 
obtained. 

Furthermore, since the reset pulse power supply VR is provided separately, then 
compared to the liquid crystal display device described in the third and eleventh 
embodiments, this has the advantage that the delay of the scanning pulse signal 
accompanying resetting of the amplifier can be eliminated. 
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Moreover, with the abovementioned embodiment, it was noted that the n-type 
MOS transistor (Qn) 3901 and the first and second p-type MOS transistors (Qpl) 3902 
and (Qp2) 3903 were formed from p-SiTFTs. However these may be formed from other 
thin film transistors such as a-SiTFTs or CdSeTFTs. Furthermore, these may be formed 
from single crystal silicon transistors . 

When the above described liquid crystal display device and drive method of the 
nineteenth embodiment is applied to a liquid crystal display device with a time division 
driving method which switches the color of the incident light in one field (one frame) 
period to perform color display, good color reproduction and high gradation display can 
be realized. This is because of the characteristic that even in the case where the liquid 
crystal display device of the present invention drives a high speed liquid crystal such as a 
ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
OCB mode liquid crystal which responds within one field period, fluctuations do not 
occur in the pixel voltage accompanying the response of the liquid crystal, and hence a 
desired gradation display can be performed for each one field (one frame) period. At this 
time, for liquid crystal material, a thresholdless antiferroelectric liquid crystal is used. 

A twentieth embodiment of the present invention will now be described in detail 
with reference to the figures. FIG. 40 is a diagram showing a twentieth embodiment of a 
liquid crystal display device of the present invention. As shown in the figure, the liquid 
crystal display device of the present invention comprises: an n-type MOS transistor (Qn) 
3901 with a gate electrode connected to a scanning line 101, and one of a source 
electrode and a drain electrode connected to a signal line 102; a first p-type MOS 
transistor (Qpl) 3902 with a gate electrode connected to the other of the source electrode 
and the drain electrode of the n-type MOS transistor (Qn) 3901, and one of a source 
electrode and a drain electrode connected to a reset pulse power supply VR 3704, and 
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the other of the source electrode and the drain electrode connected to a pixel electrode 
107; a voltage holding capacitor 106 formed between the gate electrode of the first p- 
type MOS transistor (Qpl) 3902 and a voltage holding capacitor electrode 105; a second 
p-type MOS transistor (Qp2) 3903 with a gate electrode connected to the voltage holding 
capacitor electrode 105, a source electrode connected to a source power supply VS 4001, 
and a drain electrode connected to the pixel electrode 107; and a liquid crystal 109 which 
is to be switched, disposed between the pixel electrode 107 and an opposing electrode 
108. Here the n-type MOS transistor (On) 3901 and the first and second p-type MOS 
transistors (Qpl) 3902 and (Qp2) 3903 are constituted by p-SiTFTs. 

Moreover, the source power supply VS 4001 for supply to the gate electrode of 
the second p-type MOS transistor (Qp2) 3903, is set so that a source-drain resistance 
Rdsp of the second p-type MOS transistor (Qp2) 3903 becomes less than or equal to the 
value of the resistance component which determines the response time constant of the 
liquid crystal. That is, the resistances Rr, Rsp in the liquid crystal equivalent circuit 
shown in FIG. 60 and FIG. 62, and the source-drain resistance Rdsp, have the relation 
shown by the previously mentioned equation (3). For example, in the case when the 
resistance Rsp is 5 GQ , then a source power supply VS 4001 such that the source-drain 
resistance Rdsp does not exceed 1 GQ is supplied. The operating point for the second 
p-type MOS transistor (Qp2) 3903 is the same as the beforementioned operating point 
shown in FIG. 11. That is, with the example in FIG. 11, the gate-source voltage (VCH- 
VS) of the second p-type MOS transistor (Qp2) 3903 is set to around -3 V. As a result, 
when the drain current of the second p-type MOS transistor (Qp2) 3903 becomes around 
1E-8 (A) and the source-drain voltage Vdsp is -10V, then the source-drain resistance 
Rdsp becomes 1 GQ. Furthermore, even if the second p-type MOS transistor (Qp2) 
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3903 is operated in the weakly inverted region with the source-drain voltage Vdsp 
changing from -2 to -14V, the drain current is approximately constant. The second p- 
type MOS transistor (Qp2) 3903 is operated as the bias current power supply for the case 
where the first p-type MOS transistor (Qpl) 3902 is operated as an analog amplifier. 
5 The above described drive method for the liquid crystal display device of the 

twentieth embodiment shown in FIG. 40 is the same as the drive method for the liquid 
crystal display device of the eighteenth and nineteenth embodiments explained 
beforehand. That is, in the case where a high speed liquid crystal such as a ferroelectric 
liquid crystal having polarization, an antiferroelectric liquid crystal, or an OCB mode 
10 liquid crystal which responds within one field period, is driven, the pixel voltage Vpix 
and the liquid crystal light transmittance are the same as those shown in FIG. 38. 
Moreover, also in the case where a TN liquid crystal is driven using the liquid crystal 
display device shown in FIG. 40, this can be driven with the same drive method as 
shown in FIG. 38. 

15 That is to say, if the liquid crystal display device shown in FIG. 40 is used, then 

as with the eighteenth and nineteenth embodiments, the fluctuations of the pixel voltage 
Vpix accompanying the response of the liquid crystal can be eliminated, enabling a 
desired gradation to be obtained for each one field. 

Furthermore, with the above drive method, the reset period is provided before the 

20 horizontal scanning period. However, it is also possible to drive such that the reset 

period and the horizontal scanning period have the same timing. In this case, selection 
of the pixel and the resetting of the first p-type MOS transistor (Qpl) 3902 are 
performed at the same time. 

Moreover, with the liquid crystal display device shown in FIG. 40, the 

25 construction is such that resetting of the first p-type MOS transistor (Qpl) 3902 which 
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operates as an analog amplifier, is performed by the first p-type MOS transistor (Qpl) 
3902 itself. Therefore wiring and circuits such as a power supply lead and a reset switch, 
become unnecessary. As a result, the analog amplifier can be constructed with a smaller 
area than heretofore, giving a high aperture efficiency so that a noticeable effect is 
obtained. 

Furthermore, since the reset pulse power supply VR is provided separately, then 
compared to the liquid crystal display device described in the fourth and twelfth 
embodiments, this has the advantage that the delay of the scanning pulse signal 
accompanying resetting of the amplifier can be eliminated. 

Moreover, with the abovementioned embodiment, it was noted that the n-type 
MOS transistor (Qn) 3901 and the first and second p-type MOS transistors (Qpl) 3902 
and (Qp2) 3903 were formed from p-SiTFTs. However these may be formed from other 
thin film transistors such as a-SiTFTs or CdSeTFTs. Furthermore, these may be formed 
from single crystal silicon transistors . 

When the above described liquid crystal display device and drive method of the 
twentieth embodiment is applied to a liquid crystal display device with a time division 
driving method which switches the color of the incident light in one field (one frame) 
period to perform color display, good color reproduction and high gradation display can 
be realized. This is because of the characteristic that even in the case where the liquid 
crystal display device of the present invention drives a high speed liquid crystal such as a 
ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
OCB mode liquid crystal which responds within one field period, fluctuations do not 
occur in the pixel voltage accompanying the response of the liquid crystal, and hence a 
desired gradation display can be performed for each one field (one frame) period. At this 
time, for liquid crystal material, a thresholdless antiferroelectric liquid crystal is used. 
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A twenty first embodiment of the present invention will now be described in 
detail with reference to the figures. FIG. 41 is a diagram showing a twenty first 
embodiment of a liquid crystal display device of the present invention. As shown in the 
figure, the liquid crystal display device of the present invention comprises: an n-type 
5 MOS transistor (Qn) 3901 with a gate electrode connected to a scanning line 101, and 
one of a source electrode and a drain electrode connected to a signal line 102; a first p- 
type MOS transistor (Qpl) 3902 with a gate electrode connected to the other of the 
source electrode and the drain electrode of the n-type MOS transistor (Qn) 3901, and one 
of a source electrode and a drain electrode connected to a reset pulse power supply VR 

nJ 

y| 10 3704, and the other of the source electrode and the drain electrode connected to a pixel 

yf electrode 107; a voltage holding capacitor 106 formed between the gate electrode of the 

J3 first p-type MOS transistor (Qpl) 3902 and a voltage holding capacitor electrode 105; a 

O second p-type MOS transistor (Qp2) 3903 with a gate electrode and a source electrode 

H connected to the voltage holding capacitor electrode 105, and a drain electrode 

Ly 

^ 15 connected to the pixel electrode 107; and a liquid crystal 109 which is to be switched, 

disposed between the pixel electrode 107 and an opposing electrode 108. Here the n- 
type MOS transistor (Qn) 3901 and the first and second p-type MOS transistors (Qpl) 
3902 and (Qp2) 3903 are constituted by p-SiTFTs. 

Furthermore, since the gate electrode and the source electrode of the second p- 

20 type MOS transistor (Qp2) 3903 are both connected to the voltage holding capacitor 
electrode 105, then the gate-source voltage Vgsp of the second p-type MOS transistor 
(Qp2) 3903 becomes 0V. Under this bias condition, so that the source-drain resistance 
Rdsp of the second p-type MOS transistor (Qp2) 3903 satisfies the beforementioned 
equation (3), the threshold value voltage of the second p-type MOS transistor (Qp2) 

25 3903 is shift controlled to the positive side by channel-dose. At this time, the drain 
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current-gate current characteristics of the second p-type MOS transistor (Qp2) 3903, and 
the operating point are the same as shown in FIG. 14. That is, with the example in FIG. 
14, the threshold value voltage is shift controlled to the positive side by channel-dose so 
that when the gate-source voltage is 0V, the drain current becomes approximately 1E-8 
5 (A). As a result, when the drain current of the second p-type MOS transistor (Qp2) 3903 
becomes around 1E-8 (A) and the source-drain voltage Vdsp is -10V, then the source- 
drain resistance Rdsp becomes 1 G Q . Furthermore, even if the second p-type MOS 
transistor (Qp2) 3903 is operated in the weakly inverted region with the source-drain 
voltage Vdsp changing from -2 to -14V, the drain current is approximately constant. 
10 The second p-type MOS transistor (Qp2) 3903 is operated as the bias current power 
supply for the case where the first p-type MOS transistor (Qpl) 3902 is operated as an 
analog amplifier. 

With the twenty first embodiment, the bias power supply VB 3904, and the 
source power supply VS 4001 necessary in the nineteenth and twentieth embodiments 
15 are not necessary. However a channel-dose forming step is additionally required. 

The above described drive method for the liquid crystal display device of the 
twenty first embodiment shown in FIG. 41 is the same as the drive method for the liquid 
crystal display device of the eighteenth through twentieth embodiments explained 
beforehand. That is, in the case where a high speed liquid crystal such as a ferroelectric 
20 liquid crystal having polarization, an antiferroelectric liquid crystal, or an OCB mode 
liquid crystal which responds within one field period, is driven, the pixel voltage Vpix 
and the liquid crystal light transmittance are the same as those shown in FIG. 38. 
Moreover, also in the case where a TN liquid crystal is driven using the liquid crystal 
display device shown in FIG. 41, this can be driven with the same drive method as 
25 shown in FIG. 38. 
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That is to say, if the liquid crystal display device shown in FIG. 41 is used, then 
as with the eighteenth through twentieth embodiments, the fluctuations of the pixel 
voltage Vpix accompanying the response of the liquid crystal can be eliminated, 
enabling a desired gradation to be obtained for each one field. 

Furthermore, with the above drive method, the reset period is provided before the 
horizontal scanning period. However, it is also possible to drive such that the reset 
period and the horizontal scanning period have the same timing. In this case, selection 
of the pixel and the resetting of the first p-type MOS transistor (Qpl) 3902 are 
performed at the same time. 

Moreover, with the liquid crystal display device shown in FIG. 41, the 
construction is such that resetting of the first p-type MOS transistor (Qpl) 3902 which 
operates as an analog amplifier, is performed by the first p-type MOS transistor (Qpl) 
3902 itself. Therefore wiring and circuits such as a power supply lead and a reset switch, 
become unnecessary. As a result, the analog amplifier can be constructed with a smaller 
area than heretofore, giving a high aperture efficiency so that a noticeable effect is 
obtained. 

Furthermore, since the reset pulse power supply VR is provided separately, then 
compared to the liquid crystal display device described in the fifth and thirteenth 
embodiments, this has the advantage that the delay of the scanning pulse signal 
accompanying resetting of the amplifier can be eliminated. 

Moreover, with the abovementioned embodiment, it was noted that the n-type 
MOS transistor (Qn) 3901 and the first and second p-type MOS transistors (Qpl) 3902 
and (Qp2) 3903 were formed from p-SiTFTs. However these may be formed from other 
thin film transistors such as a-SiTFTs or CdSeTFTs. Furthermore, these may be formed 
from single crystal silicon transistors . 



• 
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When the above described liquid crystal display device and drive method of the 
twenty first embodiment is applied to a liquid crystal display device with a time division 
driving method which switches the color of the incident light in one field (one frame) 
period to perform color display, good color reproduction and high gradation display can 
5 be realized. This is because of the characteristic that even in the case where the liquid 
crystal display device of the present invention drives a high speed liquid crystal such as a 
ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
OCB mode liquid crystal which responds within one field period, fluctuations do not 
occur in the pixel voltage accompanying the response of the liquid crystal, and hence a 

10 desired gradation display can be performed for each one field (one frame) period. At this 
time, for liquid crystal material, a thresholdless antiferroelectric liquid crystal is used. 

A twenty second embodiment of the present invention will now be described in 
detail with reference to the figures. FIG. 42 is a diagram showing a twenty second 
embodiment of a liquid crystal display device of the present invention. As shown in the 

15 figure, the liquid crystal display device of the present invention comprises: a p-type 
MOS transistor (Qp) 4201 with a gate electrode connected to a scanning line 101, and 
one of a source electrode and a drain electrode connected to a signal line 102; an n-type 
MOS transistor (Qn) 4202 with a gate electrode connected to the other of the source 
electrode and the drain electrode of the p-type MOS transistor (Qp) 4201, and one of a 

20 source electrode and a drain electrode connected to a reset pulse power supply VR 3704, 
and the other of the source electrode and the drain electrode connected to a pixel 
electrode 107; a voltage holding capacitor 106 formed between the gate electrode of the 
n-type MOS transistor (Qn) 4202 and a voltage holding capacitor electrode 105; a 
resistor RL 4203 connected between the pixel electrode 107 and the voltage holding 

25 capacitor electrode 105; and a liquid crystal 109 which is to be switched, disposed 
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between the pixel electrode 107 and an opposing electrode 108. Here the p-type MOS 
transistor (Qp) 4201 and the n-type MOS transistor (Qn) 4202 are constituted by p- 
SiTFTs. 

Moreover, the value of the resistor RL 4203, as with the sixth embodiment, is set 
to less than or equal to the value of the resistance component which determines the 
response time constant of the liquid crystal. That is, the resistances Rr, Rsp in the liquid 
crystal equivalent circuit shown in FIG. 60 and FIG. 62, and the value of the resistor RL 
4203, have the relation shown by the previously mentioned equation (1). 

For example, in the case when the resistance Rsp is 5 G Q , then the value of the 
resistor RL 4203 is set to a value of around 1 G Q . A value of 1 G Q which is a large 
resistance not used in normal semiconductor integrated circuits, is formed from a 
semiconductor thin film or a semiconductor thin film which has been doped with 
impurities, as explained in the second embodiment. 

That is to say, the construction and manufacturing method for the case where the 
resistor RL 4203 is formed from a lightly doped n-type semiconductor thin film (n-) are 
the same as shown in FIG. 16. Moreover, the construction and manufacturing method 
for the case where the resistor RL 4203 is formed from a semiconductor thin film (i 
layer) which has not been doped with impurities are the same as shown in FIG. 17. 
Furthermore, the construction and manufacturing method for the case where the resistor 
RL 4203 is formed from a lightly doped p-type semiconductor thin film (p-) are the same 
as shown in FIG. 18. In the above, the description has been for the case where the 
resistor RL 4203 shown in FIG. 42 is formed from a semiconductor thin film or a 
semiconductor thin film doped with impurities. However provided the resistance 
satisfies equation (1), then other materials may be employed. 
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As follows is a description of the drive method for the liquid crystal display 
device using the pixel construction shown in FIG. 42. FIG. 43 shows the timing chart, 
and the change in light transmittance of the liquid crystal, for a gate scanning voltage Vg, 
a data signal voltage Vd, a gate voltage Va of the n-type MOS transistor (Qn) 4202, and 
a pixel voltage Vpix, for the case where a high speed liquid crystal such as a ferroelectric 
liquid crystal having polarization, an antiferroelectric liquid crystal, or an OCB mode 
liquid crystal which responds within one field period, is driven by the pixel construction 
shown in FIG. 42. Here the example is given for when the liquid crystal operates in a 
normally black mode, becoming dark when a voltage is not applied. 

As shown in the figure, in the period where the reset pulse voltage VR becomes a 
low level VgL, the pixel electrode 107 attains the reset state due to the gate scanning 
voltage VgL being transferred through the n-type MOS transistor (Qn) 4202. Here as 
described below, the n-type MOS transistor (Qn) 4202 operates as a source follower type 
analog amplifier, after the reset pulse voltage VR becomes a high level. However, due 
to the pixel voltage Vpix becoming VgL in the period where the reset pulse voltage VR 
is a low level, the resetting of the n-type MOS transistor (Qn) 4202 is performed. 

Then in the period immediately after the period where the reset pulse voltage VR 
becomes a low level VgL, where the gate scanning voltage Vg becomes a low level VgL, 
the p-type MOS transistor (Qp) 4201 comes on, and the data signal Vd input to the 
signal line is transferred to the gate electrode of the n-type MOS transistor (Qn) 4202 
through the p-type MOS transistor (Qp) 4201. When the horizontal scanning period is 
completed and the gate scanning voltage Vg becomes a high level, the p-type MOS 
transistor (Qp) 4201 goes off, and the data signal transferred to the gate electrode of the 
n-type MOS transistor (Qn) 4202 is held by the voltage holding capacitor 105. At this 
time, with the gate input voltage Va of the n-type MOS transistor (Qn) 4202, at the time 
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when the p-type MOS transistor (Qp) 4201 goes off, a voltage shift referred to as a feed- 
through voltage occurs through the capacitance between the gate and the source of the 
p-type MOS transistor (Qp) 4201. In FIG. 43 this is shown by Vfl, Vf2 and Vf3. The 
amount of this voltage shift Vfl, Vf2 and Vf3 can be made smaller by designing the 
value for the voltage holding capacitor 105 to be large. The gate input voltage Va of the 
n-type MOS transistor (Qn) 4202 is held until the gate scanning voltage Vg again 
becomes a low level in the subsequent field period and the p-type MOS transistor (Qp) 
4201 is selected. 

On the other hand, the n-type MOS transistor (Qn) 4202, on completion of 
resetting in the reset period where the reset pulse voltage VR becomes a low level VgL, 
operates from the horizontal scanning period and thereafter as a source follower type 
analog amplifier with the pixel electrode 107 as the source electrode. At this time, in 
order to operate the n-type MOS transistor (Qn) 4202 as an analog amplifier, a voltage at 
least lower than (Vdmin-Vtn) is supplied to the voltage holding capacitor electrode 105. 
Here Vdmin is the minimum value of the data signal voltage Vd, while Vtn is the 
threshold value voltage of the n-type MOS transistor (Qn) 4202. The n-type MOS 
transistor (Qn) 4202, during the period until the reset pulse voltage VR in the next field 
becomes VgL to thus execute reset, can output an analog gradation voltage 
corresponding to the held gate input voltage Va. This output voltage changes depending 
on the transconductance gmn of the n-type MOS transistor (Qn) 4202 and the value of 
the resistor RL 4203, however it is generally represented by the previously mentioned 
equation (4). 

By using the liquid crystal display device of the present invention as described 
above, the fluctuations in the pixel voltage Vpix accompanying the response of the liquid 
crystal as discussed for the conventional technology can be eliminated, and as also 
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shown by the liquid crys<a. Ugh. finance in FIG. 43, i. becomes possible ,o obtain a 
desired gradation for each one field. 

Furthermore, with the above drive method, .he reae, period is provided before .he 
horizontal scanning period. However, i. is also possible to drive such .ha. .he reset 
5 p enodand.hehorizonMscanmn g periodhave.hesame,unm g .Inmiscase,selec.ion 

of the pixel and the resetting of .he n-.ype MOS transistor (Qn) 4202 are performed a. 
the same time. 

Moreover, with the liquid crystal display device of the present invention, .he 
construction is such ma. resetting of the n-.ype MOS rtansistor (Qn) 4202 which 
10 operates as an analog amplifier is performed by me n-rype MOS transistor (Qn) 4202 
itself. Therefore wiring and circuits such as a power supply lead and a reset switch, 
become unnecessary. As a result, the analog amplifier can be constructed with a smaller 
axea than heretofore, giving a high aperture efficiency so ma. a noticeable effec. is 
obtained. 

15 Furthermore, since the reset pulse power supply VR is provided separately, then 

compared to the liquid crystal display device described in the sixth and fourteenth 
embodiments, this has the advantage that the delay of the scanning pulse signal 
accompanying resetting of the amplifier can be eliminated. 

Moreover, with the abovementioned embodiment, it was noted that the p-type 
20 MOS transistor (Qp) 4201 and the n-type MOS transistor (Qn) 4202 were formed from 
p-SiTFTs. However these may be formed from other thin film transistors such as a- 
SiTFTs or CdSeTFTs. Furthermore, these may be formed from single crystal silicon 
transistors . 

Driving the TN liquid crystal with a drive method similar to the drive method of 
25 HG. 43 is of course also possible. With the conventional liquid crystal display device, 
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the liquid crystal capacitance changes due to the molecules of the TN liquid crystal 
switching, and as shown in the beforementioned FIG. 61, the pixel voltage Vpix 
fluctuates, and hence the inherent liquid crystal light transmittance TO cannot be 
obtained. On the other hand, with the liquid crystal display device of the present 
invention shown in FIG. 42, the n-type MOS transistor (Qn) 4202 operates as an 
amplifier, and hence a constant voltage can be applied continuously to the liquid crystal 
109 without being influenced by changes in the capacitance of the TN liquid crystal. 
Therefore the inherent light transmittance can be obtained, and accurate gradation 
display can be performed. 

When the above described liquid crystal display device and drive method of the 
twenty second embodiment is applied to a liquid crystal display device with a time 
division driving method which switches the color of the incident light in one field (one 
frame) period to perform color display, good color reproduction and high gradation 
display can be realized. This is because of the characteristic that even in the case where 
the liquid crystal display device of the present invention drives a high speed liquid 
crystal such as a ferroelectric liquid crystal having polarization, an antiferroelectric 
liquid crystal, or an OCB mode liquid crystal which responds within one field period, 
fluctuations do not occur in the pixel voltage accompanying the response of the liquid 
crystal, and hence a desired gradation display can be performed for each one field (one 
frame) period. At this time, for liquid crystal material, a thresholdless antiferroelectric 
liquid crystal is used. 

A twenty third embodiment of the present invention will now be described in 
detail with reference to the figures. FIG. 44 is a diagram showing a twenty third 
embodiment of a liquid crystal display device of the present invention. As shown in the 
figure, the liquid crystal display device of the present invention comprises: a p-type 
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MOS transistor (Qp) 4401 with a gate electrode connected to a scanning line 101, and 
one of a source electrode and a drain electrode connected to a signal line 102; a first n- 
type MOS transistor (Qnl) 4402 with a gate electrode connected to the other of the 
source electrode and the drain electrode of the p-type MOS transistor (Qp) 4401, and one 
of a source electrode and a drain electrode connected to a reset pulse power supply VR 
3704, and the other of the source electrode and the drain electrode connected to a pixel 
electrode 107; a voltage holding capacitor 106 formed between the gate electrode of the 
first n-type MOS transistor (Qnl) 4402 and a voltage holding capacitor electrode 105; a 
second n-type MOS transistor (Qn2) 4403 with a gate electrode connected to a bias 
power supply VB 4404, a source electrode connected to the voltage holding capacitor 
electrode 105, and a drain electrode connected to the pixel electrode 107; and a liquid 
crystal 109 which is to be switched, disposed between the pixel electrode 107 and an 
opposing electrode 108. Here the p-type MOS transistor (Qp) 4401 and the first and 

second n-type MOS transistors (Qnl) 4402 and (Qn2) 4403 are constituted by p-SiTFTs. 

i 

Moreover, the bias power supply VB 4404 for supply to the gate electrode of the second 
n-type MOS transistor (Qn2) 4403, is set so that a source-drain resistance Rdsn of the 
second n-type MOS transistor (Qn2) 4403 becomes less than or equal to the value of the 
resistance component which determines the response time constant of the liquid crystal. 
That is, the resistances Rr, Rsp in the liquid crystal equivalent circuit shown in FIG. 60 
and FIG. 62, and the source-drain resistance Rdsn, have the relation shown by the 
previously mentioned equation (5). 

For example, in the case when the resistance Rsp is 5 GQ , then a bias power 
supply VB 4404 such that the source-drain resistance Rdsn does not exceed 1 GQ is 
supplied. At this time, the drain current-gate current characteristics of the second n-type 
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MOS transistor (Qn2) 4403, and the operating point are the same as shown in FIG. 23. 
That is, with the example in FIG. 23, the gate-source voltage (VB-VCH) of the second n- 
type MOS transistor (Qn2) 4403 is set to around 3V. As a result, when the drain current 
of the second n-type MOS transistor (Qn2) 4403 becomes around 1E-8 (A) and the 
source-drain voltage Vdsn is 10V, then the source-drain resistance Rdsn becomes 1 GQ. 
Furthermore, even if the second n-type MOS transistor (Qn2) 4403 is operated in the 
weakly inverted region with the source-drain voltage Vdsn changing from 2 to 14V, the 
drain current is approximately constant. The second n-type MOS transistor (Qn2) 4403 
is operated as the bias current power supply for the case where the first n-type MOS 
transistor (Qnl) 4402 is operated as an analog amplifier. 

The above described drive method for the liquid crystal display device of the 
twenty third embodiment shown in FIG. 44 is the same as the drive method for the liquid 
crystal display device of the twenty second embodiment shown beforehand with 
reference to FIG. 43. That is, in the case where a high speed liquid crystal such as a 
ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
OCB mode liquid crystal which responds within one field period, is driven, the pixel 
voltage Vpix and the liquid crystal light transmittance are the same as those shown in 
FIG. 43. Moreover, also in the case where a TN liquid crystal is driven using the liquid 
crystal display device shown in FIG. 44, this can be driven with the same drive method 
as shown in FIG. 43. 

That is to say, if the liquid crystal display device shown in FIG. 44 is used, then 
as with the twenty second embodiment, the fluctuations of the pixel voltage Vpix 
accompanying the response of the liquid crystal can be eliminated, enabling a desired 
gradation to be obtained for each one field. 



-133- 

Furthermore, with the above drive method, the reset period is provided before the 
horizontal scanning period. However, it is also possible to drive such that the reset 
period and the horizontal scanning period have the same timing. In this case, selection 
of the pixel and the resetting of the first n-type MOS transistor (Qnl) 4402 are 

5 performed at the same time. 

Moreover, with the liquid crystal display device shown in FIG. 44, the 
construction is such that resetting of the firs. n-.ype MOS transistor (Qnl) 4402 which 
operates as an analog amplifier, is performed by the firs. n-.ype MOS transistor (Qnl) 
4402 ilself. Tnerefore wiring and circuits such as a power supply lend and a reset switch, 
10 become unnecessary. As a result fire anaiog amplifier can be consumed wi.h a smaller 
area than here.ofore, giving a high aperture efficiency so ma. a noticeable effec. is 
obtained. 

Furthermore, since the reset pulse power supply VR 3704 is provided separately, 
then compared to the liquid crystal display device described in the seventh and fifteenth 
15 embodiments, this has the advantage that the delay of the scanning pulse signal 
accompanying resetting of the amplifier can be eliminated. 

Moreover, with the abovementioned embodiment, it was noted that the p-type 
MOS transistor (Qp) 4401 and the first and second n-type MOS transistors (Qnl) 4402 
and (Qn2) 4403 were formed from p-SiTFTs. However these may be formed from other 
20 thin film transistors such as a-SiTFTs or CdSeTFTs. Furthermore, these may be formed 
from single crystal silicon transistors . 

When the above described liquid crystal display device and drive method of the 
twenty third embodiment is applied to a liquid crystal display device with a time division 
driving method which switches the color of the incident light in one field (one frame) 
25 period to perform color display, good color reproduction and high gradation display can 
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be realized. This is because of the characteristic that even in the case where the liquid 
crystal display device of the present invention drives a high speed liquid crystal such as a 
ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
OCB mode liquid crystal which responds within one field period, fluctuations do not 
occur in the pixel voltage accompanying the response of the liquid crystal, and hence a 
desired gradation display can be performed for each one field (one frame) period. At this 
time, for liquid crystal material, a thresholdless antiferroelectric liquid crystal is used. 

A twenty fourth embodiment of the present invention will now be described in 
detail with reference to the figures. FIG. 45 is a diagram showing a twenty fourth 
embodiment of a liquid crystal display device of the present invention. As shown in the 
figure, the liquid crystal display device of the present invention comprises: a p-type 
MOS transistor (Qp) 4401 with a gate electrode connected to a scanning line 101, and 
one of a source electrode and a drain electrode connected to a signal line 102; a first n- 
type MOS transistor (Qnl) 4402 with a gate electrode connected to the other of the 
source electrode and the drain electrode of the p-type MOS transistor (Qp) 4401, and one 
of a source electrode and a drain electrode connected to a reset pulse power supply VR 
3704, and the other of the source electrode and the drain electrode connected to a pixel 
electrode 107; a voltage holding capacitor 106 formed between the gate electrode of the 
first n-type MOS transistor (Qnl) 4402 and a voltage holding capacitor electrode 105; a 
second n-type MOS transistor (Qn2) 4403 with a gate electrode connected to the voltage 
holding capacitor electrode 105, a source electrode connected to a source power supply 
VS 4501, and a drain electrode connected to the pixel electrode 107; and a liquid crystal 
109 which is to be switched, disposed between the pixel electrode 107 and an opposing 
electrode 108. Here the p-type MOS transistor (Qp) 4401 and the first and second n-type 
MOS transistors (Qnl) 4402 and (Qn2) 4403 are constituted by p-SiTFTs. 
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Moreover, the source power supply VS 4501 for supply to the gate electrode of 
the second n-type MOS transistor (Qn2) 4403, is set so that a source-drain resistance 
Rdsn of the second n-type MOS transistor (Qn2) 4403 becomes less than or equal to the 
value of the resistance component which determines the response time constant of the 
liquid crystal. That is, the resistances Rr, Rsp in the liquid crystal equivalent circuit 
shown in FIG. 60 and FIG. 62, and the source-drain resistance Rdsn, have the relation 
shown by the previously mentioned equation (5). For example, in the case when the 
resistance Rsp is 5 GQ, then a source power supply VS 4501 such that the source-drain 
resistance Rdsn does not exceed 1 GQ is supplied. The operating point for the second 
n-type MOS transistor (Qn2) 4403 is the same as the beforementioned operating point 
shown in FIG. 23. That is, with the example in FIG. 23, the gate-source voltage (VCH- 
VS) of the second n-type MOS transistor (Qn2) 4403 is set to around 3V. As a result, 
when the drain current of the second n-type MOS transistor (Qn2) 4403 becomes around 
1E-8 (A) and the source-drain voltage Vdsn is 10V, then the source-drain resistance 
Rdsn becomes 1 GQ . Furthermore, even if the second n-type MOS transistor (Qn2) 
4403 is operated in the weakly inverted region with the source-drain voltage Vdsn 
changing from 2 to 14V, the drain current is approximately constant. The second n-type 
MOS transistor (Qn2) 4403 is operated as the bias current power supply for the case 
where the first n-type MOS transistor (Qnl) 4402 is operated as an analog amplifier. 

The above described drive method for the liquid crystal display device of the 
twenty fourth embodiment shown in FIG. 45 is the same as the drive method for the 
liquid crystal display device of the twenty second and twenty third embodiments 
explained beforehand. That is, in the case where a high speed liquid crystal such as a 
ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
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voll a g e Vpix and the liquid «*- »*» — « "» — " ' h ° Se *°" " 
as shown in FIG. 43. 

as with Ite rwen.y second and twenty .bird embodiment the fnetnations of the ptxe, 
v „„age Vpix accompanying the response o£ «,e liquid crystal can be eliminated, 
enabling a desired gradation to be obtained for each one field. 

scanningpefiod. However, it is a.so possible .0 dfive snob tba, .be reset 
period and .be bofizonta, scanning period bave rhe same timing, fit .bis case, selection 
* me pixe. and .be resetting of me firs. n-,ype MOS ttansismr (Qnl) 4402 are 

performed at the same time. 

5 Moreover, with .he liqnid crystal display device shown in FIG. 45, the 

cna.ruc.ion is snch .ha, rescuing of the firs. n-.ype MOS transistor (On!) 4402 which 
operates as an analog amplifier, is performed by me firs. n-.,pe MOS ttansismr (On!) 
4402 Uself . Therefore wiring and circuits such as a power supply lead and a rese. sw..ch, 
b ecome unnecessary. As a result, the analog ampfifier can be cons.ruc.ed wi.b a smaller 

20 area man bere«ofore, giving a high aperture efficiency so .ha. a noUceab.e effect ts 
obtained. 

Furthermore, since .he rese. pulse power supply VR is provided separably, .hen 
compared .0 me Hquid crysral display device described in the eigh.lt and sixteenth 
embodiment mis has me advantage rha. me de.ay of me scanning pulse signal 
25 accompanying resetting of Ore amplifier can be eliminated. 
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Moreover, with the abovementioned embodiment, it was noted that the p-type 
MOS transistor (Qp) 4401 and the first and second n-type MOS transistors (Qnl) 4402 
and (Qn2) 4403 were formed from p-SiTFTs. However these may be formed from other 
thin film transistors such as a-SiTFTs or CdSeTFTs. Furthermore, these may be formed 
from single crystal silicon transistors . 

When the above described liquid crystal display device and drive method of the 
twenty fourth embodiment is applied to a liquid crystal display device with a time 
division driving method which switches the color of the incident light in one field (one 
frame) period to perform color display, good color reproduction and high gradation 
display can be realized. This is because of the characteristic that even in the case where 
the liquid crystal display device of the present invention drives a high speed liquid 
crystal such as a ferroelectric liquid crystal having polarization, an antiferroelectric 
liquid crystal, or an OCB mode liquid crystal which responds within one field period, 
fluctuations do not occur in the pixel voltage accompanying the response of the liquid 
crystal, and hence a desired gradation display can be performed for each one field (one 
frame) period. At this time, for liquid crystal material, a thresholdless antiferroelectric 
liquid crystal is used. 

A twenty fifth embodiment of the present invention will now be described in 
detail with reference to the figures. FIG. 46 is a diagram showing a twenty fifth 
embodiment of a liquid crystal display device of the present invention. As shown in the 
figure, the liquid crystal display device of the present invention comprises: a p-type 
MOS transistor (Qp) 4401 with a gate electrode connected to a scanning line 101, and 
one of a source electrode and a drain electrode connected to a signal line 102; a first n- 
type MOS transistor (Qnl) 4402 with a gate electrode connected to the other of the 
source electrode and the drain electrode of the p-type MOS transistor (Qp) 4401, and one 
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of a source electrode and a drain electrode connected to a reset pulse power supply VR 
3704, and the other of the source electrode and the drain electrode connected to a pixel 
electrode 107; a voltage holding capacitor 106 formed between the gate electrode of the 
first n-type MOS transistor (Qnl) 4402 and a voltage holding capacitor electrode 105; a 
second n-type MOS transistor (Qn2) 4403 with a gate electrode and a source electrode 
connected to the voltage holding capacitor electrode 105, and a drain electrode 
connected to the pixel electrode 107; and a liquid crystal 109 which is to be switched, 
disposed between the pixel electrode 107 and an opposing electrode 108. Here the p- 
type MOS transistor (Qp) 4401 and the first and second n-type MOS transistors (Qnl) 

4402 and (Qn2) 4403 are constituted by p-SiTFTs. 

Furthermore, since the gate electrode and the source electrode of the second n- 
type MOS transistor (Qn2) 4403 are both connected to the voltage holding capacitor 
electrode 105, then the gate-source voltage Vgsn of the second n-type MOS transistor 
(Qn2) 4403 becomes 0V. Under this bias condition, so that the source-drain resistance 
Rdsn of the second n-type MOS transistor (Qn2) 4403 satisfies the beforementioned 
equation (5), the threshold value voltage of the second n-type MOS transistor (Qn2) 

4403 is shift controlled to the negative side by channel-dose. At this time, the drain 
current-gate current characteristics of the second n-type MOS transistor (Qn2) 4403, and 
the operating point are the same as shown in FIG. 26. That is, with the example in FIG. 
26, the threshold value voltage is shift controlled to the negative side by channel-dose so 
that when the gate-source voltage is 0V, the drain current becomes approximately 1E-8 
(A). As a result, when the drain current of the second n-type MOS transistor (Qn2) 4403 
becomes around 1E-8 (A) and the source-drain voltage Vdsn is 10V, then the source- 
drain resistance Rdsn becomes 1GQ. Furthermore, even if the second n-type MOS 
transistor (Qn2) 4403 is operated in the weakly inverted region with the source-drain 
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volt age vas„ changhrg from 2 .o 14V, a. drain current is approve., constant. The 
sew n-rype MOS viator (Qn2) 4403 is operand as Ore bias curren. power snppiy 

f0I are case where the firs, n-,ype MOS ,ransis,or (Qnl) 4402 ,s operared as an ana.og 

amplifier. 

With the twenty fifth embodiment, the bias power snppiy VB 4404, and the 
sonrce power snppiy VS 4501 necessary in the W en,y third and rwenty fonrth 
embodiments are no, necessary. However a channel-dose forming step is additionally 

required. 

•nre above described drive method for the liqnid crystal display device of the 
0 twenty fifth embodiment shown in FIG. 46 is ft. same as the drive method for the liquid 
crystal display device of the rwenry second rhrongh rwenty font* embodiment 
explained beforehand. Thar is, in the case where a high speed Uquid crysral snch as a 
ferroe.ec«ic liquid crystal having polarization, an andferroeiecric liquid crystai, or an 
OCB mode Uqnid crysml which responds within one field period, is driven, dre pixel 
U voltage Vpix and the liquid crystal light transmittance are .he same as those shown in 
no 43 Moreover.alsommecaaewhereaTNHquidcrysmltsdrivenusing.heliqurd 

crysta. disp.ay device shown in FIG. 46, mis can be driven wirh the same drive merhod 

as shown in FIG. 43. 

That is to say, if the liqnid crysral display device shown in FIG. 46 is nsed, then 
20 as with the twenry second Unongh rwenty fourth embodiments, the flnctnations or the 
pixel voltage Vpix accompanying the response of the liquid crysral can be eliminared, 
enabling a desired gradadon to be obrained for each one field. 

Furthermore, with .he above drive merhod, Ore reae. period is provided before .he 
horizontal scanning period. However, i. is also possible to drive such .ha, .he reset 
25 period and ,he horizontal scanning period have .be same timing. In this cose, selection 
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ot *. pixel and the rescuing of the f,rs, n-,ype MOS — (Qnl) 4402 are 

performed at the same time. 

Moreover, with the liquid crysUl display device shown in FIG. 46, the 
eo^cdonisaucod.a.^ofUre^n-^eMOS — (Qnf) 4402 which 

opera.es as an ana,o g amplifier, is performed by *e » n-.ype MOS — r (Qnl) 
4402 itself. Therefore wiring and circuits snch as a power supply lead and a rese, swucn, 
„ecome unnecessary. As a result, .he ana,o g anrplifier can he co„s.ruc.ed wi.h a smaUer 
area .Kan here.o,ore, giving a high aperture efficiency so .ha, a noficeable effect ,s 
obtained. 

Furthermore, with the abovementioneu embodiment, i, was noted tha, the p-.vpe 
MOS .ransistor (Qp) 440! and the fust and second n-.ype MOS transistors (Qui) 4402 
and (Qn2) 4403 were fomred from p-SiTFTs. However drese may he formed from Cher 

. c „ o: TFr<? or GdSeTFTs. Furthermore, these may be formed 
thin film transistors such as a-SiTFTs or ^oaerr 

from single crystal silicon transistors . 
15 When the above described liquid crystal display device and drive method of the 

.wenty fifth embodiment is apphed .o a liquid crystaf display device wi.b a time division 
driving method which switches the co,or of ,he inciden, tight in one fieid (one frame) 
period to perform co!or display, good color reproduction and high gradation display can 
* resize*, Tnis is because of the chamc.eris.ic .ha. even in the case where the Uqmd 
20 crystal dispUy device of the present invention drives a high speed liquid crystal such as a 
ferroelectric Uquid crystal having polarization, an anttferroelectric liquid crystal, or an 
OCB mode liquid crystal which responds within one field period, fluctuations do no. 
occur in Ore pixel voltage accompanying the response of the liquid crystal, and hence a 
desired gradation display can be performed for each one field (one frame) period. A. tb.s 
25 time, for liquid crystal material, a thresholds antiferroelectric liquid crystal is used. 
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A roe „ t y sixth - «- «— — "° W be ^ " 

^.aM^***— °" ASSh0Wnm 

mos — (p^^-*.-*— «— 

■ ♦ ^ 4702 with a gate electrode connected to the other of the 
n -type MOS transistor (Qn2) 47UZ wnn a 

sour ce etec^e and the -rain — of the « n-type MOS U— WD *™. 

electt „ae o £ rhe secona n-type MOS — (Qn2) <™2 ana a voltage hoWing 
. dth evoUa^o Wtag capac« 0r e 1 ec M ae 1 0 5; a n aaU q u i ac rySt aU Mwhi c lliSt o b e 

< /r.„^ 4701 and (Qn2) 4702 are constituted 
the first and second n-type MOS transistors (Qnl) 4701 and 

by p-SiTFTs. . 

Moreover, the va-ue of .he «L 4703, a, with the sixth emboaiment, . se, 

20 -- -M.^-- That is, the resistances Rr, Rsp in the ^ 

^ ™ j Trie* fo and the value of the resistor RL 
crystal equivalent circuit shown in HO. 60 ana FIG. 62, ana the 

4703 have the relation shown by the previously mentionea equation (1). 

' F or examp.e, in the case when the resistance Rsp is 5 GQ, then the value of are 

resisl or 1^4703 is seUoavatue of arounalOa Avalueof 1G « which is a large 
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resista »ce not - in - — — «— ^ U f0rmed ^ 3 

imporittes.as explained inure second embodiment 

« is .0 ,a„ me cons.ruc.ion and manufacturing -hod for .he case where me 
5 resisl or RL 4 7 03is £ ormed & oma 1 i^dopedn-,pesem i cnndnc.or.Mnmm W are 

lhe sameassno»ninFK, 1 , Moreover, me co„s,rnc. ion and manufacturing me, od 
£or the case where .he resis,or RL 4703 is formed from a scmicondocror rnin fnm (. 
UyM) which has no. been doped win, imposes are .he same as shown in P.O. 17. 
„re,he— „ and man.ac.nrin.memod.r me case where. he resis.or 
10 RL47 0 3i s ( ormed f romah g h« y dopedp-.v P esemicondnc.o,.h i n fil m(p-)are,esame 
. shown in HO. ,8. In .he above, me descHpUon has been for .he cnse where .he 
r esis,or RL 4703 shown in FK, 47 is formed from a semi— .bin film or a 
^ndnc.or.hinfihndopeowi.bhnpnriUes. However provided , he resistance 
satisfies equation (1), then other materia* may be employed. 

AS follows is a description of me drive method for the U ,md crvsul disp.ay 
ceviccusmgmepixel — nshowninHG.47. FIC. 48 shows , he riming char, 

adat as ip ,.vol,a g eVd,a S a,evo teg eVaof.hes K ond„-^MOS.ra» Si ,or(Qn 2 ) 

470*. and a pixel vol.a g e Vpix, for .he case where a high speed liquid cry,a, snch as a 
20 ^oe.ec.ricUr.mdcrysmlhavmgpo.arixatio.ananriferroelec^ ,i q nid crystal, or an 
OCBmodeUt.nidcrysuiwhichrespondswi.Mnonerieldperio.i, isdrivenby.be pixel 
construction shown in FIG. 47. Here the examp!e is gtven for when .he Uquid crystal 

^howninmerigutcintheperiod where ,he reset pulse voltage VR becomes a 
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vo.tage VgL being transferred throe*. - — n-.ype MOS transistor (Qn2) 4702. 
Here as described be,ow, the second n-type MOS transistor (Qn2) 4702 operates as a 
source foUower type aoa,og ampUfier, after the reset pulse voHage VR beooo.es a high 
,eveh However, due ,0 the pixel voftage Vpix becoming VgL iu the period where the 
5 reset pulse voltage VR Is a ,ow level, the resetting o, ,he second n-,ype MOS transistor 

(Qn2) 4702 is performed. 

T*en in the period immediately after the period where the reset pu,se voltage VR 
oecomes a low .eve, VgL. where me gate scanning voltage Vg becomes a high leve. 
VgH me fust n,ype MOS transistor (On!) 4701 comes on, and the data aigna, Vd input 
10 ,o the sistal Hue is transferred ,0 the gate .corrode of me second n-,ype MOS uansisto, 
( Q„2) 4702 through the first n-type MOS transistor (Qnl) 4701. When the horizontal 
^g period is completed and the gate scanning voftage Vg becomes a ,ow level, the 
ft* n-type MOS transistor (Onl) 4701 goes off, and the data signal transferred to the 
gate e.ectrode of the second n,ype MOS transistor (Qn2) 4702 is held by the voltage 
„ holding capacitor 705. At this time, with the gate input voltage Va of the second „-.ype 
MOS rransisto, (Qn2) 4702, a. me ,ime when the fits, n-,ype MOS transistor (Qnl) 4701 
goes off, a voltage shift refetfed to as a feed-through voltage occurs through the 

~~ ~f fVif» fir^t n-tvne MOS transistor (Qnl) 
capacitance between the gate and the source of the first n type m 

4701. ft 1 FI0.4 8 ,hist SS hownbyVf 1 ,Vf2andVf3. Tbe amount of mis voltage shift 
M Vfl, VB and VB can be made smaUer by designing the value for the voltage holding 
capacitor 105 to be large. The gate input voltage Va of the second n-type MOS 
transistor (Qn2) 4702 is he!d until the gate scatming voltage Vg again becomes a low 
.eve, in the subsequent field period and the firs. n-,ype MOS transistor (Qnl) 470! . 



selected. 
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On the other hand, the second n-type MOS transistor (Qn2) 4702, on completion 
of resetting in the reset period where the reset pulse voltage VR becomes a low level 
VgL, operates from the horizontal scanning period and thereafter as a source follower 
type analog amplifier with the pixel electrode 107 as the source electrode. At this time, 
in order to operate the second n-type MOS transistor (Qn2) 4702 as an analog amplifier, 
a voltage at least lower than (Vdmin-Vtn) is supplied to the voltage holding capacitor 
electrode 105. Here Vdmin is the minimum value of the data signal voltage Vd, while 
Vtn is the threshold value voltage of the second n-type MOS transistor (Qn2) 4702. The 
second n-type MOS transistor (Qn2) 4702, during the period until the reset pulse voltage 
VR in the next field becomes VgL to thus execute reset, can output an analog gradation 
voltage corresponding to the held gate input voltage Va. This output voltage changes 
depending on the transconductance gmn of the second n-type MOS transistor (Qn2) 
4702 and the value of the resistor RL 4703, however it is generally represented by the 
previously mentioned equation (4). 

By using the liquid crystal display device of the present invention as described 
above, the fluctuations in the pixel voltage Vpix accompanying the response of the liquid 
crystal as discussed for the conventional technology can be eliminated, and as also 
shown by the liquid crystal light transmittance in FIG. 48, it becomes possible to obtain a 
desired gradation for each one field. 

Furthermore, with the above drive method, the reset period is provided before the 
horizontal scanning period. However, it is also possible to drive such that the reset 
period and the horizontal scanning period have the same timing. In this case, selection 
of the pixel and the resetting of the second n-type MOS transistor (Qn2) 4702 are 
performed at the same time. The timing chart for this case is shown in FIG. 49. 
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5 switch, become unnecessary. As a result, „ Horffcct 
s.auetatea^n— e, ^ g a apettute efficienc, so tbat a nottceab.e e«ec, 

iS ° b,ained ' „„ VR is provided separately, then 

Furthermore, since the reset poise power supply V* - V" 
.mpared^eur.oidcrystaldiaplaydevicedescribedut.hesecondandten* 

accompanyingr.se.ingof.heamplif.e.canbeeliminated. 

MM eover,wi,h,heprese n .embodimenr,sinee,hepixelpor..on, S made t romao 

n ,vpe MOS transistor, rhere is «he advan«age that the manufacmring process ,s 

Sta,PUfle<1 ' • a ™h„dimen. 1. was noted that the firs, n- 

, 5 Furthermore, with .he abovemenboned embodmren., w 

(OnD^andmesecondn-^MOS — 

.chasa-Si^sorCdSe^s. Fu— e, mese may be formed fiom shtgie crystal 
silicon transistors . 

20 ^iag.heTNlinuiderys.lwi.hadfiveme.hodsimdar.o.hedriveme.hodol 

FIG 48 andHG.49iso,coursea,sopossib,e. Wim me con—l fi q uid crys.ai 
aisp Uydev i ce,be„ q „idc,s Bl capacimnceebange S due.omemo 1 ecmes„ f me™ 

Vp.fiuc.ua.es, and hence me mheren. fi,uid cr^i figh. — nee TO canno. be 
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invention shown in FIG. 47, the second n-type MOS transistor (Qn2) 4702 operates as an 
amplifier, and hence a constant voltage can be applied continuously to the liquid crystal 
109 without being influenced by changes in the capacitance of the TN liquid crystal. 
Therefore the inherent light transmittance can be obtained, and accurate gradation 
display can be performed. 

When the above described liquid crystal display device and drive method of the 
twenty sixth embodiment is applied to a liquid crystal display device with a time division 
driving method which switches the color of the incident light in one field (one frame) 
period to perform color display, good color reproduction and high gradation display can 
be realized. This is because of the characteristic that even in the case where the liquid 
crystal display device of the present invention drives a high speed liquid crystal such as a 
ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
OCB mode liquid crystal which responds within one field period, fluctuations do not 
occur in the pixel voltage accompanying the response of the liquid crystal, and hence a 
desired gradation display can be performed for each one field (one frame) period. At this 
time, for liquid crystal material, a thresholdless antiferroelectric liquid crystal is used. 

A twenty seventh embodiment of the present invention will now be described in 
detail with reference to the figures. FIG. 50 is a diagram showing a twenty seventh 
embodiment of a liquid crystal display device of the present invention. As shown in the 
figure, the liquid crystal display device of the present invention comprises: a first n-type 
MOS transistor (Qnl) 5001 with a gate electrode connected to a scanning line 101, and 
one of a source electrode and a drain electrode connected to a signal line 102; a second 
n-type MOS transistor (Qn2) 5002 with a gate electrode connected to the other of the 
source electrode and the drain electrode of the first n-type MOS transistor (Qnl) 5001, 
and one of a source electrode and a drain electrode connected to a reset pulse power 
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e^eo^esecooa^MOS — ( Qt*) 5002 a,d a volmge homing 

, . 1.40^ transistor (Qn3) 5003 with a gate electrode 
capacitor electrode 105; a third n-type MOS transistor <u 

iv VB 5004 a source electrode connected to the voltage 
5 connected to a bias power supply VB 50U4, 

, * a 10R Here the first n-type MOS transistor (Qnl) 
electrode 107 and an opposing electrode 108. Here the 

u d and third n-type MOS transistors (Qn2) 5002 and (Qn3) 5003 are 
5001 and the second and third n type m 

^e.ee^on.e^^MOS — (003)5003,, -..«-.—— 
resistance Rdsn of the third n-type MOS transistor (Qn3) 5003 becomes less than or 
^ ,o the value of the resistance componen, which determines the response rinte 
constant of Ore Bquid crysra,. That is, the re— Rr, Rap in the liquid crystal 

„ i- fig 60 and FIG. 62, and the source-drain resistance Rdsn, 
15 equivalent circuit shown in FIG. 60 ana rru. , 

have the relation shown by die previously mentioned equation (5). 

For example, in Ore case when .he resistance Rap is 5 G Q , men a bias power 
s » ppl y VB 5004 such mat the source-drain resistance Rdsn does not esceeo 1 GQ is 
^ic, At this rime, the drain current-gale current charac.eris.ics of Ote third n-type 

20 MOS rransis.or (On3) 5003, and me operating poin. are the same as shown in FIG. 23. 
m ,is,wimrheexamp.e ta BG.23,.he g a,e-sourcevo«a g e(VB-VCH,ofd.e*dn- 

typeM OStrar,s i s,or(On3,5003isse t .oaround3V. A saresn,.,when,hedramc Um , 
of the third n-type MOS transistor (Qn3) 5003 becomes around 1E-S (A) and the source- 
orain vohage Vdsn is 10V, then me source-drain resistance Rdsn becomes 1 GO- 



„ore,eventfme.htrdn 

— — JLthesecondn-t^OS 

ot sn(V2 is operated as an analog amplifier, 
transistor (Qn2) 5002 is ope ...at disolay device of the 

, . bed drive method for the liquid crystal dtsplay 
^ above descnbeddn Mto arive tnethod for the 

^n.ysevend.emhodimen.aho^mFIO.SO.slh ^ 

^encetonO.dSandnO.49. — - - 

^.oranOCBm^Uqmdc^.mch^^ J 

^lnHO.dSandnO.4, Moreover, also in the c, 
driyenus to6 .he,iquid a y,a.displaydeviceshowntnnO. 5 0,h 

„ thesamednvememodasshowninmG.48andFIG.49 he „ 
^Is.osay.ifmeUqmdcr^dMay— -mnO.50 

„ H . ment to fl „ c mations of the pixel voUage Vptx 
aswi thmemen,ysi*membod.m.n,,thefl» 

^mpanymg.hereaponaeoftheuqnidcrysta.canhee.mt.naled.enah 

padation to be obtained for each one field. 

„ith me Uqnld optf display device shown m KG. 50, me 
, n Moreover, with me uqui . .,«yi»50l» 

• ..hatresedingofmesecondn-tvpeMOS^ansratorCQn^SO 

enaction is snch that resettrng tvDC MOS transistor 

, b„ oerformed by the second n-type »" 

«««-*^- l^eana.ogamphfiercnnbeconatrn.dwitha 
switch, become unnecessary, 



-149- 

smaller area than heretofore, giving a high aperture efficiency so that a noticeable effect 
is obtained. 

Furthermore, since the reset pulse power supply VR 3704 is provided separately, 
then compared to the liquid crystal display device described in the third and eleventh 
embodiments, this has the advantage that the delay of the scanning pulse signal 
accompanying resetting of the amplifier can be eliminated. 

Moreover, with the present embodiment, since the pixel portion is made from an 
n-type MOS transistor, there is the advantage that the manufacturing process is 
simplified. 

Furthermore, with the abovementioned embodiment, it was noted that the first n- 
type MOS transistor (Qnl) 5001 and the second and third n-type MOS transistors (Qn2) 
5002 and (Qn3) 5003 were formed from p-SiTFTs. However these may be formed from 
other thin film transistors such as a-SiTFTs or CdSeTFTs. Furthermore, these may be 
formed from single crystal silicon transistors . 

When the above described liquid crystal display device and drive method of the 
twenty seventh embodiment is applied to a liquid crystal display device with a time 
division driving method which switches the color of the incident light in one field (one 
frame) period to perform color display, good color reproduction and high gradation 
display can be realized. This is because of the characteristic that even in the case where 
the liquid crystal display device of the present invention drives a high speed liquid 
crystal such as a ferroelectric liquid crystal having polarization, an antiferroelectric 
liquid crystal, or an OCB mode liquid crystal which responds within one field period, 
fluctuations do not occur in the pixel voltage accompanying the response of the liquid 
crystal, and hence a desired gradation display can be performed for each one field (one 



-150- 



frame) period. At this tin,, for liquid crystal materia,, a .hresholdless antiferroelectric 

liquid crystal is used. 

A twenty eighth embodiment of the present invention will now be described in 
detail with reference to the figures. F.0. 51 is a diagram showing a twenty eighth 
embodiment o, a liquid crystal display device of the present invention. As shown in the 
fignre, the liquid crys.al dispfay device of the present invention comprises: a fits, n-type 
MOS transistor (Qnl) 5001 with a gale electrode connected to a scanning line 101, and 
one o, a source electtode and a drain e.ectrode connected ,o a signa! line 102; a second 
n-.ype MOS transistor (Qn2) 5002 with a gate electtode connected ,0 the other of the 
0 source electrode and the drain electtode of the fits. n-.ype MOS ttansistor (Qnl) 5001, 
and one of a source electtode and a dmin electtode connected to a reset pu.se powet 
s »pply VR 3704, and me other of the source electtode and the drain electrode connected 
,„ . pixel electtode 107; a voltage holding capacitor 106 formed between the gate 
e,ecttode of .he second n-,ype MOS transistor (Qn2) 5002 and a voltage holding 
15 capacitor electtode .05; a third n-type MOS ttansistor (Qn3) 5003 with a gate e.ecttode 
connected to the voltage holding capacitor electrode 105, a source electtode connected to 
a source power supply VS 5101, and a drain electtode connected to the pixel electrode 
107; and a liquid crystal 109 which is to he switched, disposed between the pixel 
electtode 107 and an opposing electtode 108. Here .he firs, n-.ype MOS transistor (Qnl) 
20 5001 and me second and tod n-.ype MOS ttansislors (Qn2) 5002 and (Qn3) 5003 are 

constituted by p-SiTFTs. 

Moreover, .he source power supply VS 5101 for supply to the gate electtode of 
Ute .bird n-ype MOS ttansistor (Qn3) 5003, is se. so that a source-drain resistance Rdsn 
of the third n-.ype MOS tmnsistor (Qn3) 5003 becomes less man or equal .0 the value of 
25 the resistance component which determines the response time constant of the liquid 
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^n-^-— — to.***'**"'*"***"'**""* 

i tVi^ r**e when the resistance Rsp 
the previous!, mentioned equation (5). For example, > the case when 

5 does no, exceed 1 OQ is suppiied. The operating point tot the third n- W e MOS 

v in FIG 23 the gate-source voltage (VCH-VS) of the tmrd 
23 That is, with the example in FIO. is, me ga 

• . Ml 5003 is set to around 3V. As a result, when the drain 
n-type MOS transistor (Qn3) 50UJ is sei 10 « 
, cumnl o ( .he t hird, ty peMOS — (Q „3) 5003 becomes around fE-g <A, and the 

3 ^iuverredregionwlththesource.drainvonageVdsnehan.ng.om.toX^.the 

.,„„, The third n-type MOS transistor (Qn3) 5003 is 
D drain current is approximately constant. The third yp 

■C i t „, ,h, rase where the second n-type MOS 

S operated as the bias current power supply for the case whe 

I 15 transistor (Qn2) 5002 is operated as an analog amplifier. 

* The above described drive meihod for the U q uid crysta, display device of the 

tw e„,yeigh.hembodimen,show„in Fl 0.5 1 is,hesameasmed ri v.m.modfor.he 

explained beforehand. That is, in the case where a high speed iiquid crystal such asa 
2 „ IMdc^oran 

^eVpixandmeUouidc^taiHgh,— ance are the same as those shown ,n 
FI0 ^0.49. Moreover, also in the case where a TN liquid crystal is driven 



I 
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ct/- <;i tVii<! can be driven with the same 
using the liquid crystal dismay device shown tn FIO. 51, tins can 

drive method as shown in FIG- 48 and FIO. 49. 

as wit h the .went, sixth and twenty seventh embodiments, the fluctuations of the prxe, 
5 voltage Vpix accompanying the response of the liquid cry*al can he el.mina.ed, 
enabling a desired gradation to be obtained for each one freld. 

Moreover, with the liquid crystal display device shown in FIG. 51, the 

■ h.tatresettine of the second n-typeMOS transistor (Qn2)50O2 
construction is such that resetting 01 

^^^^^^^^^ 

10 (Qn2) 5002 itself. Therefore wiring and circuits such as a power supply lead and a reset 
swit ch, become unnecessary. As a resuU, the analog amplifier can be constructed wrlh a 
smaller area than heretofore, giving a high aperture efficiency so thai a noticeable effect 
is obtained. 

Furthermore, since the reset pulse power supply VK is provided separately, then 
15 compared to the liquid crystal display device described in me fourth and twelfth 
embodiments, this has the advantage that the delay of the scanning pulse signal 
accompanying resetting of the amplifier can be eliminated. 

Moreover, with the present embodimem, since the pixel portion is made from an 
n-type MOS transistor, there is the advantage that the manufacturing process is 
20 simplified. 

Furthermore, with the abovementioned embodiment, it was noted that the ftrsl n- 

, , „c;tfTs However these may be formed from 
5002 and (Qn3) 5003 were formed from p-SiTFTs. Howe 

u c . <HTFTs or CdSeTFTs. Furthermore, these may be 
other thin film transistors such as a-SiTFTs or Cdi>e 

25 formed from single crystal silicon transistors . 
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When the above described liquid crystal display device and drive method of the 
twenty eighth embodiment is applied to a liquid crystal display device with a time 
division driving method which switches the color of the incident light in one field (one 
frame) period to perform color display, good color reproduction and high gradation 
display can be realized. This is because of the characteristic that even in the case where 
the liquid crystal display device of the present invention drives a high speed liquid 
crystal such as a ferroelectric liquid crystal having polarization, an antiferroelectric 
liquid crystal, or an OCB mode liquid crystal which responds within one field period, 
fluctuations do not occur in the pixel voltage accompanying the response of the liquid 
crystal, and hence a desired gradation display can be performed for each one field (one 
frame) period. At this time, for liquid crystal material, a thresholdless antiferroelectric 
liquid crystal is used. 

A twenty ninth embodiment of the present invention will now be described in 
detail with reference to the figures. FIG. 52 is a diagram showing a twenty ninth 
embodiment of a liquid crystal display device of the present invention. As shown in the 
figure, the liquid crystal display device of the present invention comprises: a first n-type 
MOS transistor (Qnl) 5001 with a gate electrode connected to a scanning line 101, and 
one of a source electrode and a drain electrode connected to a signal line 102; a second 
n-type MOS transistor (Qn2) 5002 with a gate electrode connected to the other of the 
source electrode and the drain electrode of the first n-type MOS transistor (Qnl) 5001, 
and one of a source electrode and a drain electrode connected to a reset pulse power 
supply VR 3704, and the other of the source electrode and the drain electrode connected 
to a pixel electrode 107; a voltage holding capacitor 106 formed between the gate 
electrode of the second n-type MOS transistor (Qn2) 5002 and a voltage holding 
capacitor electrode 105; a third n-type MOS transistor (Qn3) 5003 with a gate electrode 
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and a source electrode connected to the voltage holding capacitor electrode 105, and a 
drain electrode connected to the pixel electrode 107; and a liquid crystal 109 which is to 
be switched, disposed between the pixel electrode 107 and an opposing electrode 108. 
Here the first n-type MOS transistor (Qnl) 5001 and the second and third n-type MOS 
transistors (Qn2) 5002 and (Qn3) 5003 are constituted by p-SiTFTs. 

Furthermore, since the gate electrode and the source electrode of the third n-type 
MOS transistor (Qn3) 5003 are both connected to the voltage holding capacitor electrode 
105, then the gate-source voltage Vgsn of the third n-type MOS transistor (Qn3) 5003 
becomes 0V. Under this bias condition, so that the source-drain resistance Rdsn of the 
third n-type MOS transistor (Qn3) 5003 satisfies the beforementioned equation (5), the 
threshold value voltage of the third n-type MOS transistor (Qn3) 5003 is shift controlled 
to the negative side by channel-dose. At this time, the drain current-gate current 
characteristics of the third n-type MOS transistor (Qn3) 5003, and the operating point are 
the same as shown in FIG. 26. That is, with the example in FIG. 26, the threshold value 
voltage is shift controlled to the negative side by channel-dose so that when the gate- 
source voltage is 0V, the drain current becomes approximately 1E-8 (A). As a result, 
when the drain current of the third n-type MOS transistor (Qn3) 5003 becomes around 
1E-8 (A) and the source-drain voltage Vdsn is 10V, then the source-drain resistance 
Rdsn becomes 1 G Q . Furthermore, even if the third n-type MOS transistor (Qn3) 5003 
is operated in the weakly inverted region with the source-drain voltage Vdsn changing 
from 2 to 14V, the drain current is approximately constant. The third n-type MOS 
transistor (Qn3) 5003 is operated as the bias current power supply for the case where the 
second n-type MOS transistor (Qn2) 5002 is operated as an analog amplifier. 

With the twenty ninth embodiment, the bias power supply VB 5004, and the 
source power supply VS 5101 necessary in the twenty seventh and twenty eighth 
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embodiments are not necessary. However a channel-dose forming step is additionally 
required. 

The above described drive method for the liquid crystal display device of the 
twenty ninth embodiment shown in FIG. 52 is the same as the drive method for the 
liquid crystal display device of the twenty sixth through twenty eighth embodiments 
explained beforehand. That is, in the case where a high speed liquid crystal such as a 
ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
OCB mode liquid crystal which responds within one field period, is driven, the pixel 
voltage Vpix and the liquid crystal light transmittance are the same as those shown in 
FIG. 48 and FIG. 49. Moreover, also in the case where a TN liquid crystal is driven 
using the liquid crystal display device shown in FIG. 52, this can be driven with the same 
drive method as shown in FIG. 48 and FIG. 49. 

That is to say, if the liquid crystal display device shown in FIG. 52 is used, then 
as with the twenty sixth through twenty eighth embodiments, the fluctuations of the pixel 
voltage Vpix accompanying the response of the liquid crystal can be eliminated, 
enabling a desired gradation to be obtained for each one field. 

Moreover, with the liquid crystal display device shown in FIG. 52, the 
construction is such that resetting of the second n-type MOS transistor (Qn2) 5002 
which operates as an analog amplifier, is performed by the second n-type MOS transistor 
(Qn2) 5002 itself. Therefore wiring and circuits such as a power supply lead and a reset 
switch, become unnecessary. As a result, the analog amplifier can be constructed with a 
smaller area than heretofore, giving a high aperture efficiency so that a noticeable effect 
is obtained. 

Furthermore, since the reset pulse power supply VR is provided separately, then 
compared to the liquid crystal display device described in the fifth and thirteenth 
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embodiments, this has the advantage that the delay of the scanning pulse signal 
accompanying resetting of the amplifier can be eliminated. 

Moreover, with the present embodiment, since the pixel portion is made from an 
n-type MOS transistor, there is the advantage that the manufacturing process is 
simplified. 

Furthermore, with the abovementioned embodiment, it was noted that the first n- 
type MOS transistor (Qnl) 5001 and the second and third n-type MOS transistors (Qn2) 
5002 and (Qn3) 5003 were formed from p-SiTFTs. However these may be formed from 
other thin film transistors such as a-SiTFTs or CdSeTFTs. Furthermore, these may be 
formed from single crystal silicon transistors . 

When the above described liquid crystal display device and drive method of the 
twenty ninth embodiment is applied to a liquid crystal display device with a time 
division driving method which switches the color of the incident light in one field (one 
frame) period to perform color display, good color reproduction and high gradation 
display can be realized. This is because of the characteristic that even in the case where 
the liquid crystal display device of the present invention drives a high speed liquid 
crystal such as a ferroelectric liquid crystal having polarization, an antiferroelectric 
liquid crystal, or an OCB mode liquid crystal which responds within one field period, 
fluctuations do not occur in the pixel voltage accompanying the response of the liquid 
crystal, and hence a desired gradation display can be performed for each one field (one 
frame) period. At this time, for liquid crystal material, a thresholdless antiferroelectric 
liquid crystal is used. 

A thirtieth embodiment of the present invention will now be described in detail 
with reference to the figures. FIG. 53 is a diagram showing a thirtieth embodiment of a 
liquid crystal display device of the present invention. As shown in the figure, the liquid 
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crystal display device of the present invention comprises: a first p-type MOS transistor 
(Qpl) 5301 with a gate electrode connected to a scanning line 101, and one of a source 
electrode and a drain electrode connected to a signal line 102; a second p-type MOS 
transistor (Qp2) 5302 with a gate electrode connected to the other of the source electrode 
and the drain electrode of the first p-type MOS transistor (Qpl) 5301, and one of a 
source electrode and a drain electrode connected to a reset pulse power supply VR 3704, 
and the other of the source electrode and the drain electrode connected to a pixel 
electrode 107; a voltage holding capacitor 106 formed between the gate electrode of the 
second p-type MOS transistor (Qp2) 5302 and a voltage holding capacitor electrode 105; 
a resistor RL 5303 connected between the pixel electrode 107 and the voltage holding 
capacitor electrode 105; and a liquid crystal 109 which is to be switched, disposed 
between the pixel electrode 107 and an opposing electrode 108. Here the first and 
second p-type MOS transistors (Qpl) 5301 and (Qp2) 5302 are constituted by p-SiTFTs. 

Moreover, the value of the resistor RL 5303, as with the second embodiment, is 
set to less than or equal to the value of the resistance component which determines the 
response time constant of the liquid crystal. That is, the resistances Rr, Rsp in the liquid 
crystal equivalent circuit shown in FIG. 60 and FIG. 62, and the value of the resistor RL 
5303, have the relation shown by the previously mentioned equation (1). 

For example, in the case when the resistance Rsp is 5 G Q , then the value of the 
resistor RL 5303 is set to a value of around 1 G Q . A value of 1 G Q which is a large 
resistance not used in normal semiconductor integrated circuits, is formed from a 
semiconductor thin film or a semiconductor thin film which has been doped with 
impurities, as explained in the second embodiment. 
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That is to say, the construction and manufacturing method for the case where the 

resistor RL 5303 is formed from a lightly doped p-type semiconductor thin film (p-) are 

the same as shown in FIG. 4. Moreover, the construction and manufacturing method for 

the case where the resistor RL 5303 is formed from a semiconductor thin film (i layer) 

5 which has not been doped with impurities are the same as shown in FIG. 5. Furthermore, 

ti- 
the construction and manufacturing method for the case where the resistor RL 5303 is 

formed from a lightly doped p-n-type semiconductor thin film (p- n-) are the same as 

shown in FIG. 6. In the above, the description has been for the case where the resistor 

RL 5303 shown in FIG. 53 is formed from a semiconductor thin film or a semiconductor 

^[j 10 thin film doped with impurities. However provided the resistance satisfies equation (1), 

q then other materials may be employed. 

SI As follows is a description of the drive method for the liquid crystal display 

device using the pixel construction shown in FIG. 53. FIG. 54 shows the timing chart, 
+* an d the change in light transmittance of the liquid crystal, for a gate scanning voltage Vg, 

~ 15 a data signal voltage Vd, a gate voltage Va of the second p-type MOS transistor (Qp2) 

5302, and a pixel voltage Vpix, for the case where a high speed liquid crystal such as a 
ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
OCB mode liquid crystal which responds within one field period, is driven by the pixel 
construction shown in FIG. 53. Here the example is given for when the liquid crystal 
20 operates in a normally black mode, becoming dark when a voltage is not applied. 

As shown in the figure, in the period where the reset pulse voltage VR becomes a 
high level VgH, the pixel electrode 107 attains the reset state due to the gate scanning 
voltage VgH being transferred through the second p-type MOS transistor (Qp2) 5302. 
Here as described below, the second p-type MOS transistor (Qp2) 5302 operates as a 
25 source follower type analog amplifier, after the reset pulse voltage VR becomes a low 



-159- 



level . However, due «o «he pixel voftage Vpix becoming VgH in «he period where .he 
rese. p„,se voftage VR is a high ievei, the rescuing - the second p-,ype MOS — r 

(Qp2) 5302 is performed. 

Then in .he period immediate* after the period where .he rese. puise voftage VR 
5 becomes a high .eve! VgH, where .he ga.e scanning voftage Vg becomes a low .evel 
VgU the firs, p-.ype MOS .ransis.or (QpD 5301 comes on, and me data signa! Vd inpu. 
„ dre signa. Una is transferred ,o .he ga,e elecuode of me second p-.ype MOS .ransis.or 
(QP 2) 5302 .hrongh rhe firs, p-.ype MOS rransis.or (QpD 530!. When .he horizon*, 
scanning period is compiled and .he ga.e scam.ing voltage Vg becomes a high level, the 

,n i\ <am anw off and the data signal transferred to the 
10 first p-type MOS transistor (Qpl) 5301 goes on, ana in 

gate electrode o, the second p-type MOS transistor (Qp2) 5302 is held by the voltage 
holding capacitor 105. At .his time, with .he ga,e inpo. voltage Va o£ the second p-.y P e 
MOS .ransisro, (Q P 2) 5302, a. .he time when the firs, p-typ. MOS transistor (Qpl) 5301 
goes oft a voftage shift referred to as a feed-through voftage occurs through the 
15 capacitance between the gate and the source of the flrs, p-type MOS transistor (Qpl) 
5301. I uFIG.54.hisisshownbyVfl,Vf2andVf3. Tne amonn. of mis voltage sh.fi 
V fl, Vf2 and Vf3 can be made smaUer by designing the value for the voftage holding 
capacitor 105 to be large. The ga.e inpu. voftage Va of ft. second p-,ype MOS 
transistor (Qp2) 5302 is held un.il .he gate scanning voftage Vg again becomes a low 
20 level in the subsequent field period and the firs, p-,ype MOS transistor (Qpl) 5301 is 
selected. 

On the odter hand, the second p-typ. MOS transistor (Qp2> 5302, on completion 
of reserting in the reset period where the reset pu.se voftage VR becomes a high level 
VgH operates from .he horizontal scanning period and thereafter as a source follower 
25 tyP e analog amphfier with .he pixel ..ec,rod. 107 as .he source ..ecft.de. A. .his time, 
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in order ,o operate the second p-.ype MOS — (Qp2) 5302 as an analog amplifier, 
a vohage a. .east higher rhan (Vdmax-V.p) is supplied ,o .he vohage hoiding capaei.or 
decode 105. Here Vdmax is ,he maximum vaiue of me data signal vohage Vd, whrle 
V,p is ,he .hreshoW value voltage of the second p-tvpe MOS transistor (Qp2) 5302. The 
5 second p-.ype MOS transistor (Qp2) 5302, during the period until the reset pulse vo.tage 
VR in Ure next freld becomes VgH ro thus execute reset, can ourpu, an anaiog gradatron 
vohage corresponding ,o fhe held gate inpuf vohage V, This outpu. vohage changes 
depending on the transconductance gmp of the second p-«ype MOS .ransistor (Qp2) 
5302 and .he value of .he resistor RL 5303, however i. is generaUy represen.ed by .he 

10 previously mentioned equation (2). 

By using me liquid crystal display device of me preaen. invention as described 
above, .he fluc.ua.ions in the pixel voUage Vpix accompanying .he response of .he liquid 
ayst al as discussed for .he conventional .echnology can be e.imina.ed, and as also 
shown by me liquid crystal light .ransmitrance in F.G. 54, i. becomes possible to obtain a 

15 desired gradation for each one field. 

Furthermore, with the above drive method, the reset period is provided before the 
horizontal scanning period. However, it is also possible to drive such that me reset 
period and me horizontal scanning period have .he same riming, m mis case, selection 
of the pixel and the reacting of the second p-.ype MOS transistor (Qp2) 5302 are 
20 performed a. .he same time. The timing char, for .his case is shown in FIG. 55. 

Moreover, with .he liquid crysta! display device of the present invention, .he 
construction is such that resetting of me second p-type MOS transistor (Qp2) 5302 
which operatea aa an analog amplifier is performed by the second p-.ype MOS transit 
(Q P 2) 5302 itself. Therefore wiring and circuits such as a power supply !ead and a reset 
25 swi.ch, become unnecessary. As a result, .he analog amplifier can be constructed wim a 
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smal Ier area than hete.ofore, giving a high aperture e«ciency so .hat a noticeable effec, 
is obtained. 

Furthermore, since the reset puise power supply VR is provided separate,,, then 
compared to the H q uid crystal disp.ay device described in .he sixth and fourteenth 
embodiments, this has the advantage that the delay of the scanning puise signal 
accompanying resetting of the amplifier can be eliminated. 

Moreover, with the present embodiment, siuce the pixel portion is made from a 
p. typ e MOS transistor, there is the advantage that the manufacturing process is 
simplified. 

Furthermore, wtth the abovementioned embodiment, i. was noted that the firs, p- 
tyP e MOS .ransismr (Qpf) 530! and me second p-.ype MOS ttansis.or (Qp2) 5302 were 
formed from p-SiTFTs. However .hese may be formed from o.her .bin film — 

s „ch as a-SiTFTs or CdSeTFTs. Furthermore, .hese ma, be formed from single crys,, 

silicon transistors . 

Dnving.heTOmuidcrys.aiwi.hadrivememodsimilar.omedrive methodof 
FIG 54andFIG.55isofcoursea,sopossib 1 e. With me conventional liuuid crystal 
oisplay device, me Houid crys.af capaci.ance changes due .o me mo.ecules of .he TN 
liquid cry,a, swUching, and as shown in me beforemenuoned FIG. 61, .he pixel voUage 
Vpix fiuc.ua.es, and hence me inheren. ,i q uid crystal Ugh. remittance TO canno. be 
20 ob.ained. On me Cher hand, wim the Uuuid crystal display device of me present 

mention shown in FIG. 53, .he second p-.ype MOS transistor (Qp2) 5302 opera.es as an 
.oplifier, and hence a constant voUage can be applied continuous* ,o me liauid cry S .a> 
U» wUhou. being influenced by changes in the capachance of .he TN liquid crystal. 
Therefore the inherent light ttansmittance can be obtained, and accurate gradauon 
25 display can be performed. 
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When the above described liquid crystal display device and drive method of the 
thirtieth embodiment is applied to a liquid crystal display device with a time division 
driving method which switches the color of the incident light in one field (one frame) 
period to perform color display, good color reproduction and high gradation display can 
be realized. This is because of the characteristic that even in the case where the liquid 
crystal display device of the present invention drives a high speed liquid crystal such as a 
ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
OCB mode liquid crystal which responds within one field period, fluctuations do not 
occur in the pixel voltage accompanying the response of the liquid crystal, and hence a 
desired gradation display can be performed for each one field (one frame) period. At this 
time, for liquid crystal material, a thresholdless antiferroelectric liquid crystal is used. 

A thirty first embodiment of the present invention will now be described in detail 
with reference to the figures. FIG. 56 is a diagram showing a thirty first embodiment of 
a liquid crystal display device of the present invention. As shown in the figure, the 
liquid crystal display device of the present invention comprises: a first p-type MOS 
transistor (Qpl) 5601 with a gate electrode connected to a scanning line 101, and one of 
a source electrode and a drain electrode connected to a signal line 102; a second p-type 
MOS transistor (Qp2) 5602 with a gate electrode connected to the other of the source 
electrode and the drain electrode of the first p-type MOS transistor (Qpl) 5601, and one 
of a source electrode and a drain electrode connected to a reset pulse power supply VR 
3704, and the other of the source electrode and the drain electrode connected to a pixel 
electrode 107; a voltage holding capacitor 106 formed between the gate electrode of the 
second p-type MOS transistor (Qp2) 5602 and a voltage holding capacitor electrode 105; 
a third p-type MOS transistor (Qp3) 5603 with a gate electrode connected to a bias 
power supply VB 5604, a source electrode connected to the voltage holding capacitor 
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electrode 105, and a drain electrode connected to the pixel electrode 107; and a liquid 
crystal 109 which is to be switched, disposed between the pixel electrode 107 and an 
opposing electrode 108. Here the first p-type MOS transistor (Opl) 5601 and the second 
and third p-type MOS transistors (Op2) 5602 and (Qp3) 5603 are constituted by p- 
SiTFTs. Moreover, the bias power supply VB 5604 for supply to the gate electrode of 
the third p-type MOS transistor (Op3) 5603, is set so that a source-drain resistance Rdsp 
of the third p-type MOS transistor (Qp3) 5603 becomes less than or equal to the value of 
the resistance component which determines the response time constant of the liquid 
crystal. That is, the resistances Rr, Rsp in the liquid crystal equivalent circuit shown in 
FIG. 60 and FIG. 62, and the source-drain resistance Rdsp, have the relation shown by 
the previously mentioned equation (3). 

For example, in the case when the resistance Rsp is 5 G Q , then a bias power 
supply VB 5604 such that the source-drain resistance Rdsp does not exceed 1 G Q is 
supplied. At this time, the drain current-gate current characteristics of the third p-type 
MOS transistor (Qp3) 5603, and the operating point are the same as shown in FIG. 11. 
That is, with the example in FIG. 11, the gate-source voltage (VB-VCH) of the third p- 
type MOS transistor (Qp3) 5603 is set to around -3V. As a result, when the drain current 
of the third p-type MOS transistor (Qp3) 5603 becomes around 1E-8 (A) and the source- 
drain voltage Vdsp is -10V, then the source-drain resistance Rdsp becomes 1 GQ. 
Furthermore, even if the third p-type MOS transistor (Op3) 5603 is operated in the 
weakly inverted region with the source-drain voltage Vdsp changing from -2 to -14V, the 
drain current is approximately constant. The third p-type MOS transistor (Qp3) 5603 is 
operated as the bias current power supply for the case where the second p-type MOS 
transistor (Qp2) 5602 is operated as an analog amplifier. 
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The above described drive method for the liquid crystal display device of the 
thirty first embodiment shown in FIG. 56 is the same as the drive method for the liquid 
crystal display device of the thirtieth embodiment shown beforehand with reference to 
FIG. 54 and FIG. 55. That is, in the case where a high speed liquid crystal such as a 
ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
OCB mode liquid crystal which responds within one field period, is driven, the pixel 
voltage Vpix and the liquid crystal light transmittance are the same as those shown in 
FIG. 54 and FIG. 55. Moreover, also in the case where a TN liquid crystal is driven 
using the liquid crystal display device shown in FIG. 56, this can be driven with the same 
drive method as shown in FIG. 54 and FIG. 55. 

That is to say, if the liquid crystal display device shown in FIG. 56 is used, then 
as with the thirtieth embodiment, the fluctuations of the pixel voltage Vpix 
accompanying the response of the liquid crystal can be eliminated, enabling a desired 
gradation to be obtained for each one field. 

Moreover, with the liquid crystal display device shown in FIG. 56, the 
construction is such that resetting of the second p-type MOS transistor (Qp2) 5602 
which operates as an analog amplifier, is performed by the second p-type MOS transistor 
(Qp2) 5602 itself. Therefore wiring and circuits such as a power supply lead and a reset 
switch, become unnecessary. As a result, the analog amplifier can be constructed with a 
smaller area than heretofore, giving a high aperture efficiency so that a noticeable effect 
is obtained. 

Furthermore, since the reset pulse power supply VR 3704 is provided separately, 
then compared to the liquid crystal display device described in the seventh and fifteenth 
embodiments, this has the advantage that the delay of the scanning pulse signal 
accompanying resetting of the amplifier can be eliminated. 
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Moreover, with the present embodiment, since the pixel portion is made from a 
p-type MOS transistor, there is the advantage that the manufacturing process is 
simplified. 

Furthermore, with the abovementioned embodiment, it was noted that the first p- 
type MOS transistor (Qpl) 5601 and the second and third p-type MOS transistors (Qp2) 
5602 and (Qp3) 5603 were formed from p-SiTFTs. However these may be formed from 
other thin film transistors such as a-SiTFTs or CdSeTFTs. Furthermore, these may be 
formed from single crystal silicon transistors . 

When the above described liquid crystal display device and drive method of the 
thirty first embodiment is applied to a liquid crystal display device with a time division 
driving method which switches the color of the incident light in one field (one frame) 
period to perform color display, good color reproduction and high gradation display can 
be realized. This is because of the characteristic that even in the case where the liquid 
crystal display device of the present invention drives a high speed liquid crystal such as a 
ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
OCB mode liquid crystal which responds within one field period, fluctuations do not 
occur in the pixel voltage accompanying the response of the liquid crystal, and hence a 
desired gradation display can be performed for each one field (one frame) period. At this 
time, for liquid crystal material, a thresholdless antiferroelectric liquid crystal is used. 

A thirty second embodiment of the present invention will now be described in 
detail with reference to the figures. FIG. 57 is a diagram showing a thirty second 
embodiment of a liquid crystal display device of the present invention. As shown in the 
figure, the liquid crystal display device of the present invention comprises: a first p-type 
MOS transistor (Qpl) 5601 with a gate electrode connected to a scanning line 101, and 
one of a source electrode and a drain electrode connected to a signal line 102; a second 
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p-type MOS transistor (Qp2) 5602 with a gate electrode connected to the other of the 
source electrode and the drain electrode of the first p-type MOS transistor (Qpl) 5601, 
and one of a source electrode and a drain electrode connected to a reset pulse power 
supply VR 3704, and the other of the source electrode and the drain electrode connected 
to a pixel electrode 107; a voltage holding capacitor 106 formed between the ^ate 
electrode of the second p-type MOS transistor (Qp2) 5602 and a voltage holding 
capacitor electrode 105; a third p-type MOS transistor (Qp3) 5603 with a gate electrode 
connected to the voltage holding capacitor electrode 105, a source electrode connected to 
a source power supply VS 5701, and a drain electrode connected to the pixel electrode 
107; and a liquid crystal 109 which is to be switched, disposed between the pixel 
electrode 107 and an opposing electrode 108. Here the first p-type MOS transistor (Qpl) 
5601 and the second and third p-type MOS transistors (Qp2) 5602 and (Qp3) 5603 are 
constituted by p-SiTFTs. 

Moreover, the source power supply VS 5701 for supply to the gate electrode of 
the third p-type MOS transistor (Op3) 5603, is set so that a source-drain resistance Rdsp 
of the third p-type MOS transistor (Qp3) 5603 becomes less than or equal to the value of 
the resistance component which determines the response time constant of the liquid 
crystal. That is, the resistances Rr, Rsp in the liquid crystal equivalent circuit shown in 
FIG. 60 and FIG. 62, and the source-drain resistance Rdsp, have the relation shown by 
the previously mentioned equation (3). For example, in the case when the resistance Rsp 
is 5 G Q , then a source power supply VS 5701 such that the source-drain resistance Rdsp 
does not exceed 1 GQ is supplied. The operating point for the third p-type MOS 
transistor (Qp3) 5603 is the same as the beforementioned operating point shown in FIG. 
11. That is, with the example in FIG. 11, the gate-source voltage (VCH-VS) of the third 
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p-type MOS transistor (Qp3) 5603 is set to around -3V. As a result, when the drain 
current of the third p-type MOS transistor (Qp3) 5603 becomes around 1E-8 (A) and the 
source-drain voltage Vdsp is -10V, then the source-drain resistance Rdsp becomes 1GQ. 
Furthermore, even if the third p-type MOS transistor (Qp3) 5603 is operated in the 
weakly inverted region with the source-drain voltage Vdsp changing from -2jto -14V, the 
drain current is approximately constant. The third p-type MOS transistor (Qp3) 5603 is 
operated as the bias current power supply for the case where the second p-type MOS 
transistor (Qp2) 5602 is operated as an analog amplifier. 

The above described drive method for the liquid crystal display device of the 
thirty second embodiment shown in FIG. 57 is the same as the drive method for the 
liquid crystal display device of the thirtieth and thirty first embodiments explained 
beforehand. That is, in the case where a high speed liquid crystal such as a ferroelectric 
liquid crystal having polarization, an antiferroelectric liquid crystal, or an OCB mode 
liquid crystal which responds within one field period, is driven, the pixel voltage Vpix 
and the liquid crystal light transmittance are the same as those shown in FIG. 54 and FIG. 
55. Moreover, also in the case where a TN liquid crystal is driven using the liquid 
crystal display device shown in FIG. 57, this can be driven with the same drive method 
as shown in FIG. 54 and FIG. 55. 

That is to say, if the liquid crystal display device shown in FIG. 57 is used, then 
as with the thirtieth and thirty first embodiments, the fluctuations of the pixel voltage 
Vpix accompanying the response of the liquid crystal can be eliminated, enabling a 
desired gradation to be obtained for each one field. 

Moreover, with the liquid crystal display device shown in FIG. 57, the 
construction is such that resetting of the second p-type MOS transistor (Qp2) 5602 
which operates as an analog amplifier, is performed by the second p-type MOS transistor 
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(Qp2) 5602 itself. Therefore wiring and circuits such as a power supply lead and a reset 
switch, become unnecessary. As a result, the analog amplifier can be constructed with a 
smaller area than heretofore, giving a high aperture efficiency so that a noticeable effect 
is obtained. 

Furthermore, since the reset pulse power supply VR is provided separately, then 
compared to the liquid crystal display device described in the eighth and sixteenth 
embodiments, this has the advantage that the delay of the scanning pulse signal 
accompanying resetting of the amplifier can be eliminated. 

Moreover, with the present embodiment, since the pixel portion is made from a 
p-type MOS transistor, there is the advantage that the manufacturing process is 
simplified. 

Furthermore, with the abovementioned embodiment, it v/as noted that the first p- 
type MOS transistor (Qpl) 5601 and the second and third p-type MOS transistors (Qp2) 
5602 and (Qp3) 5603 were formed from p-SiTFTs. However these may be formed from 
other thin film transistors such as a-SiTFTs or CdSeTFTs. Furthermore, these may be 
formed from single crystal silicon transistors . 

When the above described liquid crystal display device and drive method of the 
thirty second embodiment is applied to a liquid crystal display device with a time 
division driving method which switches the color of the incident light in one field (one 
frame) period to perform color display, good color reproduction and high gradation 
display can be realized. This is because of the characteristic that even in the case where 
the liquid crystal display device of the present invention drives a high speed liquid 
crystal such as a ferroelectric liquid crystal having polarization, an antiferroelectric 
liquid crystal, or an OCB mode liquid crystal which responds within one field period, 
fluctuations do not occur in the pixel voltage accompanying the response of the liquid 
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crystal, and hence a desired gradation display can be performed for each one field (one 
frame) period. At this time, for liquid crystal material, a thresholdless antiferroelectric 
liquid crystal is used. 

A thirty third embodiment of the present invention will now be described in 
detail with reference to the figures. FIG. 58 is a diagram showing a thirty third 
embodiment of a liquid crystal display device of the present invention. As shown in the 
figure, the liquid crystal display device of the present invention comprises: a first p-type 
MOS transistor (Opl) 5601 with a gate electrode connected to a scanning line 101, and 
one of a source electrode and a drain electrode connected to a signal line 102; a second 
p-type MOS transistor (Op2) 5602 with a gate electrode connected to the other of the 
source electrode and the drain electrode of the first p-type MOS transistor (Qpl) 5601, 
and one of a source electrode and a drain electrode connected to a reset pulse power 
supply VR 3704, and the other of the source electrode and the drain electrode connected 
to a pixel electrode 107; a voltage holding capacitor 106 formed between the gate 
electrode of the second p-type MOS transistor (Op2) 5602 and a voltage holding 
capacitor electrode 105; a third p-type MOS transistor (Qp3) 5603 with a gate electrode 
and a source electrode connected to the voltage holding capacitor electrode 105, and a 
drain electrode connected to the pixel electrode 107; and a liquid crystal 109 which is to 
be switched, disposed between the pixel electrode 107 and an opposing electrode 108. 
Here the first p-type MOS transistor (Qpl) 5601 and the second and third p-type MOS 
transistors (Qp2) 5602 and (Qp3) 5603 are constituted by p-SiTFTs. 

Furthermore, since the gate electrode and the source electrode of the third p-type 
MOS transistor (Qp3) 5603 are both connected to the voltage holding capacitor electrode 
105, then the gate-source voltage Vgsp of the third p-type MOS transistor (Qp3) 5603 
becomes 0V. Under this bias condition, so that the source-drain resistance Rdsp of the 
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third p-type MOS transistor (Qp3) 5603 satisfies the beforementioned equation (3), the 
threshold value voltage of the third p-type MOS transistor (Qp3) 5603 is shift controlled 
to the positive side by channel-dose. At this time, the drain current-gate current 
characteristics of the third p-type MOS transistor (Qp3) 5603, and the operating point are 
the same as shown in FIG. 14. That is, with the example in FIG. 14, the threshold value 
voltage is shift controlled to the positive side by channel-dose so that when the gate- 
source voltage is 0V, the drain current becomes approximately 1E-8 (A). As a result, 
when the drain current of the third p-type MOS transistor (Qp3) 5603 becomes around 
1E-8 (A) and the source-drain voltage Vdsp is -10V, then the source-drain resistance 
Rdsp becomes 1GQ. Furthermore, even if the third p-type MOS transistor (Qp3) 5603 
is operated in the weakly inverted region with the source-drain voltage Vdsp changing 
from -2 to -14V, the drain current is approximately constant. The third p-type MOS 
transistor (Qp3) 5603 is operated as the bias current power supply for the case where the 
second p-type MOS transistor (Qp2) 5602 is operated as an analog amplifier. 

With the thirty third embodiment, the bias power supply VB 5604, and the source 
power supply VS 5701 necessary in the thirty first and thirty second embodiments are 
not necessary. However a channel-dose forming step is additionally required. 

The above described drive method for the liquid crystal display device of the 
thirty third embodiment shown in FIG. 58 is the same as the drive method for the liquid 
crystal display device of the thirtieth through thirty second embodiments explained 
beforehand. That is, in the case where a high speed liquid crystal such as a ferroelectric 
liquid crystal having polarization, an antiferroelectric liquid crystal, or an OCB mode 
liquid crystal which responds within one field period, is driven, the pixel voltage Vpix 
and the liquid crystal light transmittance are the same as those shown in FIG. 54 and FIG. 
55. Moreover, also in the case where a TN liquid crystal is driven using the liquid 
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crystal display device shown in FIG. 58, this can be driven with the same drive method 
as shown in FIG. 54 and FIG. 55. 

That is to say, if the liquid crystal display device shown in FIG. 58 is used, then 
as with the thirtieth through thirty second embodiments, the fluctuations of the pixel 
voltage Vpix accompanying the response of the liquid crystal can be eliminated, 
enabling a desired gradation to be obtained for each one field. 

Moreover, with the liquid crystal display device shown in FIG. 58, the 
construction is such that resetting of the second p-type MOS transistor (Qp2) 5602 
which operates as an analog amplifier, is performed by the second p-type MOS transistor 
(Qp2) 5602 itself. Therefore wiring and circuits such as a power supply lead and a reset 
switch, become unnecessary. As a result, the analog amplifier can be constructed with a 
smaller area than heretofore, giving a high aperture efficiency so that a noticeable effect 
is obtained. 

Furthermore, since the reset pulse power supply VR is provided separately, then 
compared to the liquid crystal display device described in the ninth and seventeenth 
embodiments, this has the advantage that the delay of the scanning pulse signal 
accompanying resetting of the amplifier can be eliminated. 

Moreover, with the present embodiment, since the pixel portion is made from a 
p-type MOS transistor, there is the advantage that the manufacturing process is 
simplified. 

Furthermore, with the abovementioned embodiment, it was noted that the first p- 
type MOS transistor (Qpl) 5601 and the second and third p-type MOS transistors (Qp2) 
5602 and (Qp3) 5603 were formed from p-SiTFTs. However these may be formed from 
other thin film transistors such as a-SiTFTs or CdSeTFTs. Furthermore, these may be 
formed from single crystal silicon transistors . 
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When the above described liquid crystal display device and drive method of the 
thirty third embodiment is applied to a liquid crystal display device with a time division 
driving method which switches the color of the incident light in one field (one frame) 
period to perform color display, good color reproduction and high gradation display can 
be realized. This is because of the characteristic that even in the case where the liquid 
crystal display device of the present invention drives a high speed liquid crystal such as a 
ferroelectric liquid crystal having polarization, an antiferroelectric liquid crystal, or an 
OCB mode liquid crystal which responds within one field period, fluctuations do not 
occur in the pixel voltage accompanying the response of the liquid crystal, and hence a 
desired gradation display can be performed for each one field (one frame) period. At this 
time, for liquid crystal material, a thresholdless antiferroelectric liquid crystal is used. 

As described above, by application of the liquid crystal display device and drive 
method of the present invention, the fluctuation in pixel voltage accompanying the 
response of the liquid crystal can be eliminated, and hence a more accurate gradation 
display than heretofore can be realized. In particular, even with a high speed liquid 
crystal such as a ferroelectric liquid crystal having polarization, an antiferroelectric 
liquid crystal, or an OCB mode liquid crystal which responds within one field period, 
drive is possible without the occurrence of fluctuations in the pixel voltage. As a result, 
it is possible to perform accurate gradation display for each one field (frame), so that 
even with a liquid crystal display device of a time division driving method , good color 
reproduction and high gradation display can be realized. 

Furthermore, with the liquid crystal display device and drive method of the 
present invention, the construction is such that the scanning voltage is used as the power 
supply for the MOS type transistor which operates as an analog amplifier, and as the 
reset power supply, and resetting of the amplifier is performed by the MOS transistor 
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H Hrruits such as a power supply lead, a reset power supply 
itself Therefore, wiring and circuits sucn as d F 

lea d and a rese. S wi,ch, become unnecessary. Hence, the ana,og amplifier can be 
constmcted with a smaUer area titan heretofore, giving a high aperrure efficiency so ft* 

a noticeable effect is obtained. 

Moreover, with Ore Urprid crystal display device and drive -W of .he present 
invention, since the ioad resistance of the sonrce follower rype anaiog amprifter, or the 
stance of fhe active foad transistor is a high vaUre of for example I O Q .hen .he 
steady state consumption cnnen. can be kept low. 

One .o .he above characteristics, a smaU size, light weight, high aperinre 
efficiency, high speed, high visna! field, high gradation, low power consumption, and 
low cos. projecor apparatus, notebook PC or monitor 1M d crysra, display device can 
be provided. 



